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Abstract 

Using the "modified DPMJET-III" model explained in the previous paper we calculate the 
atmospheric neutrino flux. The calculation scheme is almost the same as HKKM04 Q], but the 
usage of the "virtual detector" is improved to reduce the error due to it. Then we study the un- 
certainty of the calculated atmospheric neutrino flux summarizing the uncertainties of individual 
components of the simulation. The uncertainty of A'-production in the interaction model is esti- 
mated using other interaction models: FLUKA'97 and Fritiof 7.02, and modifying them so that 
they also reproduce the atmospheric muon flux data correctly. The uncertainties of the flux ratio 
and zenith angle dependence of the atmospheric neutrino flux are also studied. 

PACS numbers: 95.85.Ry, 13.85. Tp, 14.60.Pq 
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I. INTRODUCTION 

In the previous paper [l| (hereafter Paper I), we have studied the interaction model 
(DPMJET-III jsl) employed in the HKKM04 atmospheric neutrino flux calculation using 
the atmospheric muon flux data observed by precision measurements 0, [sj. In the study, 
we found that the calculated and observed muon fluxes did not agree, especially for momenta 
above 30 GeV/c. We modifled the interaction model to improve the agreement between the 
calculated and observed atmospheric muon fluxes. We call this modifled interaction model 
the modifled DPMJET-III in this paper. Note, the modiflcation is actually applied to the 
"inclusive DPMJET-III" in a phenomenological way based on the quark-parton model. 

In this paper, we calculate the atmospheric neutrino flux with the modifled DPMJET-III 
(Sec. in])- The calculation scheme and the physical input data are basically the same as the 
HKKM04. However, we update the geomagnetic model from IGRF2000 to IGRF2005 3> 
and improve the use of "virtual detector" in the 3-dimensional calculation to reduce the 
error due to it j^. 

There are other hadronic interaction models which are used in the detector simulations 
of high energy experiments, such as FLUKA'97 and Fritiof 7.02 10]. We calculate 



the atmospheric neutrino fluxes with these interaction models applying the modiflcation, so 
that they also reproduce the atmospheric muon flux observed by the precision measurements 
(Sec. imp . Note, to reproduce the observed muon flux, modifying the primary flux model 
might be alternative solution. We calculated the atmospheric neutrino flux, changing the 
spectral index of primary cosmic ray protons from —2.71 to —2.66 above 100 GeV, which also 
reproduces the observed muon flux in /i"*" -|- fi~ sum correctly with the original DPMJET-III. 

Those calculations give almost the same atmospheric neutrino flux in the energy region 
below 100 GeV, where vr's are the main source of atmospheric neutrinos. With the modiflca- 
tions based on the atmospheric muon data, the vr production is almost the same in all three 
calculations. However the K^s are not related to the atmospheric muons below 1 TeV/c, 
and above this momenta, almost no muon flux is available from the precision measurements. 
There remain sizable differences in the K production, resulting in differences in atmospheric 
neutrino fluxes at higher energies. 

In Sec. llVt we estimate the uncertainties in our calculations. As the uncertainties of 
the predicted atmospheric neutrino flux is crucial for the study of neutrino oscillations, the 
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study of them is important [ll| . Since our calculation reproduces the observed atmospheric 
muon flux data, the uncertainty due to that in the vr production could be estimated from the 
experimental error and the residual of the reconstruction of atmospheric muon data. The 
uncertainty of K production is estimated from the variation of the atmospheric neutrino 
flux at higher energies calculated in the modified calculation schemes. The total uncertainty 
is estimated by summarizing individual uncertainties. Note, the stabilities of the {v^ + 
i^/i) / {i^e + ^e) ratio and the zenith angle dependence of the atmospheric neutrino flux are 
especially important in the study of neutrino oscillations. They are also studied with the 
uncertainty of the flux value. 



II. CALCULATION OF ATMOSPHERIC NEUTRINO FLUX 



In this section, we describe the calculation of the atmospheric neutrino flux with the mod- 

w 

ified DPMJET-III in detail. The calculation scheme is basically the same as HKKM04 
For the primary flux model, we take the same primary flux model as HKKM04, based on 
AMS 12, Q and BESS 4, Q data, with a spectral index of -2.71 above 100 GeV (see 
also Refs. [15, [3]). For the model of the atmosphere, we used the US-standard '76 [3], as 
the error due to the atmospheric density model is sufficiently small for the calculation of 



Note, however, we update the geomagnetic field model from 
and improve of the usage of the "virtual detector" as explained 



atmospheric neutrino fiux 
IGRF2000 to IGRF2005 Q, 
in this section. 

Note, there are a considerable number of 3-dimensional calculations of the atmospheric 
neutrino fiux 
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23|. However, all those calculations suffer from the small 



statistics at higher neutrino energies (> 10 GeV), due to the inefficiency of the 3-dimensional 
calculation scheme. In this paper, we calculate the atmospheric neutrino fiux averaged over 
all azimuthal angles, combining 3-dimensional and 1-dimensional calculations. In HKKM04, 
it is shown that the atmospheric neutrino fiux calculated with a 1-dimensional scheme agrees 
with that calculated with the 3-dimensional scheme above a few GeV, averaged over all 
azimuthal angles, although more than a few % azimuth angle dependence remains in the 
atmospheric neutrino fiux at 10 GeV due to muon curvature in the geomagnetic field. 

For the 3-dimensional calculation, we assume the surface of the Earth is a sphere with 
Re = 6378.180 km. We also assume three more spheres; the injection, simulation, and 
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escape spheres. The radius of the injection sphere is taken as Rinj = Re + 100 km, the 
simulation sphere as Rsim = Re + 3000 km, and the escape sphere as Resc = lOxR^. Note, a 
spheroid with an eccentricity of ~l/298 is a better approximation for the Earth. However, 
the differece from the sphare approximation is small, and we estimate the errors of the 
atmospheric neutrino flux due to the sphere approximation is also small (< 1%). 

Cosmic rays are sampled on the injection sphere uniformly toward the inward direction, 
following the given primary cosmic ray spectra. Before they are fed to the simulation code 
for the propagation in air, they are tested to determine whether they pass the rigidity cutoff, 
i.e., the geomagnetic barrier. For a sampled cosmic ray, the 'history' is examined by solving 
the equation of motion in the negative time direction. When the cosmic ray reaches the 
escape sphere without touching the injection sphere again in the inverse direction of time, 
the cosmic ray can pass through the magnetic barrier following its trajectory in the normal 
direction of time. 

The propagation of cosmic rays is simulated in the space between the surface of Earth 
and the simulation sphere. When a particle enters the Earth, it loses its energy very quickly, 
and results in neutrinos with energy less than 100 MeV. Therefore, we discard such particles 
as soon as they enter the Earth, as most neutrino detectors which observe atmospheric 
neutrinos do not have sensitivity below 100 MeV. 

For secondary particles produced in the interaction of a cosmic ray and air-nucleus, 
there is the possibility that they go out from and re-enter in the atmosphere and create low 
energy neutrinos. Therefore, a simulation sphere which is too small may miss such secondary 
particles. On the other hand, it is very time consuming to follow all particles out to distances 
far from the Earth. In HKKM04, the simulation sphere with radius Rsim = Re + 3000 km 
was found to be large enough to suppress the error to well below the 1 % level. 

Note, neutrino detectors are very small compared with the size of the Earth, and are 
considered as the infinitesimal points on the surface of the Earth. We introduce a finite 
size "virtual detector" for each targert detector in the 3-dimensional calculation scheme. 
In HKKM04, the surface of the Earth within a circle around the target detector of radius 
6ci = 10° (~ 1000 km) is used as the virtual detector. When neutrinos pass throuth the 
surface of the Earth inside of the circle (upward or downward), they are registered. We 
do not need the virtual detector in 1-dimensional calculation scheme, since it treats the 
propagation of the cosmic rays on a line which go through the neutrino detector. This is a 
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far less time consuming computation scheme than the 3-dimensional calculation scheme for 
the atmospheric neutrino flux, 

The finite size of the virtual detector introduces an error, since it averages the neutrino 
flux over positions where the geomagnetic conditions are different from the position of target 
detector [8|]. To study the relation between the size and the error, we calculate the atmo- 
spheric neutrino flux with different size virtual detectors, 9d = 10° ($^(10°)) and 6^ = 5° 
($^(5°)). The fluxes ^^{10°) and $jy(5°) are compared in Fig. [1] for Kamioka from the 
HKKM04 calculation averaging over all azimuthal angles. We find a difference is seen for 
downward directions, and is almost constant for cos^^ > in ratio, where 6z is the zenith 
angle of the arrival direction of the neutrinos. Therefore we expect the maximum error at 

= 0.1 GeV is ~ 5 % for downward directions averaging over azimuthal angles. The error 
due to the finite size virtual detector are smaller than those due to uncertainty of hadronic 
interaction model in HKKM04. 

All Direction Average At Ey = 0-1 GeV 

^ 1.02 

o 

1 



0.98 



0.96 



0.94 





FIG. 1: Left panel: Ratio of all direction averaged flux with a smaller virtual detector {^u{()d = 5°)) 
to that with the larger virtual detector {^i,{9d = 10°)) used in HKKM04. Right panel: Zenith 
angle {9z) dependence of the ratio at = 0.1 GeV in azimuthal average. 



We can reduce the error due to the finite size virtual detector, with a little more com- 
putation. Let us assume the "true" atmospheric neutrino flux is expressed as an analytic 
function of the position. Note, we drop the arguments for arrival direction in the following 
expressions. The discussion here should apply to each arrival direction independently. We 
consider the power expansion the analytic function as, 

<PM, 0y) = + 0^°) ■ 0^ + 01°'^^ ■ Oy + 0(2'°) ■ el + 0^^) . ejy + 0^^) ■ + . . . (i) 
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and 

j.{m,n) _ ^ _ d'^~^"'(f)u 



ml ■ n\ (96'™(96'" 

X y 



(2) 



where, 6x,0y are the distances from the target detector in center angle to any directions 
perpendicular to each other, say, to South and East respectively, i.e., {6x,6y) constitute a 
local coordinate system. 

In the Monte Carlo calculation of the atmospheric neutrino flux, the calculated flux with 
a finite size virtual detector is the average flux over the virtual detector. With the increase 
of statistics, the flux calculated in Monte Carlo calculation should approach 



[ MG.,Oy)dexdey (3) 



where S{6d) — vr6'^ is the "area" of the virtual detector, and 6r — a/^1"+~5|. The integrations 
of terms proportional to or 9y in Eq. [1] vanish, and non- vanishing terms start from the 
integrations of second order terms, + (p^^'^^O^Oy + (f)l^''^^6y, resulting in the terms 

proportional to 9^. For a sufficiently small 9d, ^u{9d) is expressed as, 

(5(2)/]4 

where = ^'^^^6'j/S{9d) — $^^V^- When we have the neutrino fluxes calculated with 
two virtual detectors with small enough radii 6d and Od/2 for the same target, we expect 
$^(^d)-$^(^d/2) ~ $(2')-[^^-(^d/2)2], then $^(0), the true flux value at the target detector, 
is given as 

$,(0) = ^ <^,{9d) - ^ ■ [MOd) - MOd/2)] . (5) 

As is seen in Fig. [H the difference of the $;^(10°) and $i/(5°) is almost constant for 
cos6'2 > 0, so it should be sufficient to examine the assumption and procedure for vertical 
down going directions. In the left panel of Fig. [2], we plotted the total neutrino flux for 
the vertical down going directions (cos6'2 > 0.9) calculated with different size of virtual 
detectors, 6d = 10°, 5°, and 2.5° for Kamioka, Sudbury, and Gran Sasso with the HKKM04 
calculation. In the right panel of Fig. [2l we depicted the difference to the estimated true 
value with Eq. [5] in the ratio. We may say the convergence of the calculated fluxes to the 
"true value" agrees with the expectation of Eq. HI and we apply the Eq. [5] with 9d = 10° 
and 5° to the atmospheric neutrino flux calculated in the 3-dimensional scheme. Note, the 
error due to the flnite size of virtual detector does not exist in the 1-dimensional calculation 
scheme. 
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FIG. 2: Left: Atmospheric neutrino fluxes for vertical directions calculated with the virtual detec- 
tors with different radii. Right: Ratio of fluxes calculated with virtual detectors with 6*^ = 10, 5, 
and 2.5° to the flux estimated with Eq. [5l 

Thus calculated atmospheric neutrino fluxes in the 3-dimensional scheme are shown in the 
Appendix A up to 10 GeV for Kamioka, Sudbury, and Gran Sasso separately. The neutrino 
flux calculated for the Soudan2 site is almost identical to that calculated for Sudbury. The 
neutrino flux calculated for Frejus is ~ 10 % larger than that for Gran Sasso at 0.1 GeV, 
and the difference is smaller at higher energies. Above 10 GeV, the atmospheric neutrino 
flux is calculated using the 1-dimensional scheme. They are tabulated in the Appendix B 
up to 10 TeV. 

We compared the atmospheric neutrino fluxes calculated with modifled and original 
DPMJET-III in the ratio of flux values in Fig [3], averaging over all directions for Kamioka up 
to 1 TeV. The atmospheric neutrino flux calculated with the modifled DPMJET-III shows 
an increase above 10 GeV from that with the original DPMJET-III, but the increase rate is 
different for different kinds of neutrinos. This is because the modiflcation of the interaction 
model in Paper I enhances the productions of vr^'s, i^+'s, and K^, with no change for K~ 
production. Therefore, the increase of z/^ and z/g is larger than that of and z/g- 

In FigHl we compared the atmospheric neutrin fluxes calculated with the modifled and 
original DPMJET-III with those from other calculations based on the 3-dimensional calcu- 
.ation scheme. Barto. flQ and FluUa QQ. The at.osphe* neut.no flnxes ca.en.ated 



for Kamioka and averaged over all the directions are depicted in panel (a) and the ratios are 
compared in panel (b) up to 1 TeV. Although there are sizable differences in the flux values 
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FIG. 3: The comparison of the atmospheric neutrino fluxes calculated with modified and original 
DPMJET-III in ratio. The denominator is the original DPMJET-III. 



among different calculations, the ratio (z/^ + z/^) / {ue + i^e) is almost identical to each other 
below 100 GeV among them. 
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FIG. 4: The c ompari son of all direction average of the atmospheric neutrino fluxes with other 
calculations ^, 
them. 
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24l |: (a) the absolute values of each kind of neutrinos and (b) the ratio of 
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III. MODIFICATION OF FLUKA'97 AND FRITIOF 7.02 



In this section, we modify the FLUKA'97 and Fritiof 7.02 interaction models, so that they 
reproduce the observed atmospheric muon data, following the procedure we used to modify 
DPMJET-III in Paper I. Then we calculate the resulting atmospheric neutrino flux to study 
the robustness of the modification procedure. The calculations in this section are carried 
out using the 1-dimensional calculation scheme for computation speed. The modification is 
applied to the hadronic interactions above 30 GeV, to study the muon flux above 10 GeV/c 
and neutrino flux above 3 GeV/c. 
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FIG. 5: Z-factors for vr"*" + vr" (^vr) and + K~ (Zk), and their ratio in each interaction model 
as the function of projectile energy. Solid lines are for DPMJET-III, dashed lines for FLUKA'97, 
and dotted lines for Fritiof 7.02. 

The secondary spectra of vr and K productions differ between interaction models. The 
difference is seen in the Z-factors deflned as 

Zi = Ni < x,-'^ > andx = , (6) 

Pproj 

where Ni is the multiplicity and pi is the momentum of the i secondary particle, and Pproj 
is the projectile momentum. The Z-factors are compared in the sums, + Z^^- and 
Zk+ + Zk-, for DPMJET-III, FLUKA'97, and Fritiof 7.02. in Fig.[5l Note, the contribution 
of neutral i^'s to the neutrino flux is smaller than that of the charged K^s and vr*^ does not 
contribute to either muon flux or neutrino flux. The neutral n and K are not compared in 
the figure. 
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FIG. 6: Left: The comparison of muon flux data and the calculations. The observed data are 
shown as the ratios to the calculations with modified FLUKA. The dashed line shows the ratio of 
the calculation with the original FLUKA'97 to that with modified FLUKA. Right: Comparison 
of observed muon charge ratio with the calculations. The solid line shows the calculation with 
modified FLUKA and the dashed line the calculation with original FLUKA'97. 

In Fig. 0, we show the comparison of observed muon fluxes and calculations with the 
original and modified FLUKA'97 interaction models. We find the modification clearly im- 
proves the agreement of the observations and the calculation. The muon flux calculated with 
the original FLUKA'97 shows rather a better agreement than that of original DPMJET-III 
above 30 GeV/c (see also Fig. [8]). However the muon flux reproduced by FLUKA'97 becomes 
increasingly smaller than the observation for momenta below 30 GeV/c. This feature is also 
observed in the reconstruction of the muon flux for balloon altitudes 2^, and FLUKA'97 
was not used in HKKM04. Hereafter, we refer to this calculation scheme as the "modified 
FLUKA" . 

In Fig. [71 we show the comparison of observed muon fluxes and the calculations with the 
original and modified Fritiof 7.02 interaction models. We find here again the modification 
clearly improves the agreement of the observations and the calculation. The disagreement of 
the muon flux calculated with the original Fritiof 7.02 is larger than those with the original 
DPMJET-III or the original FLUKA'97. We find the modification improved the agreement 
so that it is almost as good as the modified DPMJET-III or modified FLUKA. Hereafter, 
we refer to this calculation scheme as the "modified Fritiof" . 

With the original DPMJET-III, we can reproduce the muon flux data in /i"*" + /i~ sum 
by the modiflcation of the primary flux model changing of the spectral index from —2.71 
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FIG. 7: Left: The comparison of muon flux data and the calculations. The observed data are 
shown as the ratios to the calculations with modified Fritiof. The dashed line shows the ratio of 
the calculation with the original Fritiof 7.02 to that with modified Fritiof. Right: Comparison 
of observed muon charge ratio with the calculations. The solid line shows the calculation with 
modified Fritiof and the dashed line the calculation with original Fritiof 7.02. 

rn 

to —2.66 above 100 GeV [26]. However, with only the modification of the primary flux 
model, it is difficult to reproduce the observed muon charge ratio. In terms of Z-factor, 
we find Z^^+jZ^^- must be ~ 1.5 at 1 TeV to reproduce the observed muon charge ratio 
at 100 GeV, while Z^+jZ^- is ~ 1.35 at 1 TeV in the original DPMJET-III. We calculate 
the atmospheric muon flux with this modified primary flux model, also applying a light 
modification for DPMJET-III to reproduce the observed muon charge ratio, by increasing 
the ratio to ~ 1.5. The calculated results are compared with the observation in 

Fig. [HI We find again the agreement of calculation and observation are equally as good as 
the other modified calculations. Hereafter, we will refer to this calculation scheme simply 
as the "modified primary flux" . 

In Fig. [9], we plotted the + Z^^- and + Zic- for the interaction models modified as 
explained above. In addition, we plotted the values of the original DPMJET-III multiplying 
-^proj' above 100 GeV, to compare the modified primary flux scheme in terms of the Z- 
factor. We find all the modified calculations show good agreement in in 30 GeV < 
^vfoj ~ 10 TeV, due to the adjustment of the vr productions with the muon flux data. The 
Zj^'s are also closer to each other in the modified calculations. However, they still show 
large variations, even in 30 GeV < -Eproj ^ 10 TeV. The difference of Z^'s results from 
the original interaction models, and may be considered as the reasonable variation of K 
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FIG. 8: Left: The comparison of muon flux data and calculations. The observed data are shown 
as the ratios to the calculations in modified primary flux scheme. The dashed line shows the ratio 
of calculation in original HKKM04 scheme to that in modified primary flux scheme. Right: The 
comparison of muon charge ratio between observed data and the calculated in modified primary 
flux scheme. The solid line shows the calculation with modified primary flux scheme and the dashed 
line the calculation in original HKKM04 scheme. Note, in the modified primary flux scheme, a 
modification is applied to DPMJET-III to reproduce the observed muon charge ratio. For the 
details, see the text. 



productions after the modification. 

Now we calculate the atmospheric neutrino flux with the modified calculation schemes. 
The calculations are carried out in the 1-dimensional scheme, and the results are compared 
with those with modified DPMJET-III in Fig. [10] above 3 GeV. Note, we also depicted the 
comparison of the calculations with different atmosphere models defined as. 



1 , h 

Pus{ 



1 + e' 



(7) 



where Pus{h) is the density profile of US-standard '76 17|]. This is the same modification 
of the US-standard '76, which we used in Sec. IV of Paper I to study the effect of the 
atmospheric density profile on the lepton fluxes. We take the parameter e to be ± 0.05 as 
in that study, and use the modified DPMJET-III for the interaction model. 

In the left panel of Fig. [TOl we find the atmospheric neutrino fluxes calculated with the 
modified calculations agree within ± 5 % below 100 GeV. The agreement is considered to 
be due to the large contribution of vr's in this energy region. Note, the different atmospheric 
models result in almost the largest difference for Vf. and Vf.-, and the difference for and 
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FIG. 9: Z-factors for 7r+ + vr (^tt) and + K [Z^), and their ratio in the modified interaction 
models as the function of projectile energy. Solid lines are for DPMJET-III, dashed lines for 
FLUKA'97, and dotted lines for Fritiof 7.02. We also plotted the values of original DPMJET-III 
multiplying E^f^- above 100 GeV, to compare the modified primary flux scheme in terms of the 
fact or. 

is smaller than other modified calculations. This is a result of differences in vr — /i successive 
decay and the muon propagation in the atmosphere. 

Above 100 GeV, where the contribution of i^'s becomes large, we find a large variation of 
neutrino fluxes for all kinds of neutrino except for the flux. In our modification scheme, 
the productions are modified at the same rate as the tt^ productions. Therefore, the 
variation of flux is relatively small even above 100 GeV. Note, the modified primary 
flux scheme produces the largest neutrino fluxes among all the modified calculations and 
for all kinds of neutrino except for the above 100 GeV. This is due to the increase of 
K~ productions by the increase of primary cosmic ray in this model. In our modification 
scheme, the K~ productions are not altered. 

In the right panel of Fig. (TUl we show the neutrino flux ratios, v^jv^, J-'el^ei and {u^ + 
^At)/('^e + i^e), averaged over all directions. We find the largest difference in the v^/v^ ratio, 
and it could be explained by the differences in v^/ and seen in the left panel, and by the 
i^-productions at higher energies. The difference of the ratios in the 3~100 GeV range is 
much less than ± 5 % for all ratios, where the contribution of vr's is important. Especially, 
the difference in (z/^j + + ^e) ratio is small at all the energies shown here 2 %). 

The largest variation in the {u^ + u^) / {u^ + Ue) ratio is found with the change of atmospheric 
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FIG. 10: Left panel: comparison of the atmospheric neutrino fluxes calculated in the different 
schemes. The atmospheric neutrino fluxes are averaged over all directions and the ratios to that 
of modified DPMJET-III are shown. The solid lines are for the modified DPMJET-III, the dashed 
lines for the modified FLUKA, the dotted lines for the modified Fritiof, and the dash-dot lines 
for the modified primary flux. Right panel: comparison of neutrino ratios, f^/i/^, fg/^'e) and 
(f^ -|- Ufj)/{ve + i^e)- The neutrino ratios are calculated for all direction averaged flux in each 
calculation scheme, and the ratio to the modified DPMJET-III shown. In addition, we show the 
ratios calculated with a slightly different atmospheric model with e = ±0.05 in Eq. [71 



model. This is the direct consequence of the large variation of and Vf. and small variation 
z/^ and v^j, resulting from the change in the atmospheric model. 



IV. UNCERTAINTY IN THE ATMOSPHERIC NEUTRINO FLUX CALCULA- 
TION 

A. Uncertainty for flux value of the neutrinos. 

Here, we estimate the total uncertainty or the total possible errors in the calculation of 
atmospheric neutrino flux. It may be expressed as 

= 51 + 81 + 81 + €r + (Chemc + <^stat + ■■■), («) 
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where 5.,^ is the uncertainty due to the uncertainty of vr production in the hadronic interaction 
model, 5k is due to the K production, 5^ due to the hadronic interaction cross sections, (5air 
due to the atmospheric density profile, ^scheme due to the calculation scheme including any 
bugs in the code, and (5stat due to statistical errors. The solar modulation of the cosmic rays 
and mountains above the neutrino detector cause sizable effects on the atmospheric neutrino 
flux. However, they are not a true uncertainty and they are included in our calculation 
correctly. 

The statistical error in the Monte Carlo study is smaller than 1% below 3 TeV and 3% 
below 10 TeV for and v^. For and z/^, it is a little worse and smaller than 1% below 
10 GeV, 3% below 3 TeV, and around 10% at 10 TeV. However, the statistical error is much 
smaller than those from other uncertainty sources. The largest error due to the calculation 
scheme is the finite size effect of the virtual detector, which we studied in detail in Sec. HTl 
With the procedure proposed there, the remaining error would be much smaller than 1%. 
We do not discuss ^scheme and 5stat in the following. 

In Paper I, we have proven that the error of vr productions in the hadronic interaction 
model affects the atmospheric muon and neutrino fluxes produced by the tt decay at the 
same rate, namely 



above 1 GeV. We may estimate from the comparison of the observation and calculation 
of the atmospheric muon flux. Since the atmospheric muon flux below 1 TeV comes almost 
only from the vr decay, we use the sum of the experimental error and the residual of the 
reconstruction as the A</)^ in Eq. [9] (see Fig. 15 of Paper I). Then we replace 5^^ in Eq. [8] with 
(A0^/0^)0i^, where (pi, is the sum of vr and K contributions for a conservative estimation. 
The estimated uncertainty is depicted by the solid line above 1 GeV in Fig. [HI 

For the 5k, we used the modified calculation schemes studied in Sec. IIIII We assumed 
the maximum neutrino flux difference from the modified DPM JET-HI among them as 5k- 
The maximum difference for all kinds of neutrino for vertical direction is depicted by the 
dashed line in Fig. [TTl since that variation is the largest of all zenith angles. Each difference 
is a little larger, but similar to that shown in the left panel of Fig. [101 Note, the maximum 
difference from the modified DPMJET-III is seen in the modified primary flux model in 
most of the cases. 

For (5o-, we assumed the difference |A0^ — A0j^| in the Fig. 10 of Paper I. Since the 
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uncertainty of the interaction cross section works with opposing effects for atmospheric 
muons and neutrinos, the error of the interaction cross section introduces an error in the 
cahbration of interaction model with the atmospheric muon flux data. On the other hand, 
as we use the observed atmospheric density profile, the calibration is not affected by the 
error of the atmospheric model. We use A0;^ only in Fig. 9 of Paper I as the S^n- All 
these uncertainties, 6t,{6^), 6(j)K, ^0cr, 50air, and 5tot, are summarized in Fig. [TTl Note, the 
estimations are conservative, and the maximum uncertainty is shown for all kind of neutrinos 
and zenith angles. 




10" 
£v(GeV) 



FIG. 11: The uncertainty of each error source for atmospheric neutrino flux and their sum with 
Eq. [HI Note, Eq. [9] loses its validity in the shaded region. The total error for < 1 GeV is estimated 
differently from Eq. [8l as stated in the text. Note the statistical and systematic error are not shown 
in the figure. 



We note, Eq. [9] is valid only for > 1 GeV. We have to estimate 5^ without using the 
atmospheric muon flux data at ground level. In Fig. [121 "we show the study of the muon flux 
at balloon altitudes at Fort Sumner 27(1 . The modified DPMJET-III reproduces the muon 



flux within ± 10% at ~ 1 GeV/c, and p^/pv ratio for the same momentum of parent vr's 
remains ~3 even at the lower momenta, due to the small energy loss of muons at balloon 
altitudes. However, the distance of the production and observation places are longer than the 
muons observed at ground level. The muon decay in this distance make Eq. [9] less accurate 
for < 1 GeV. We conservatively estimate 20% errors for pion productions responsible to the 
atmospheric neutrino at ~0.3 GeV. 

Note, the uncertainty studied above is for all the kind of neutrinos, and for all zenith 
angles. Limiting the kind of neutrino and the zenith angle, we may get a smaller estimation 
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/ Ground level 

0.6 • • • 1 0.4 1 1 1 ' I 
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p ^ (GeV/c) (GeV/c) 

FIG. 12: The muon fluxes at balloon altitudes at Fort Sumner (Sept. 2001). Left: comparison 
calculated and observed muon fluxes. The dashed lines show it 10% deviation from the calculated 
values. Right: p^/pu ratio for the same momentum of parent vr's in average. The dashed lines are 
the same quantities but for the muons at the ground level. 

for the uncertainty. Especially, the uncertainties in the ratio of the different kind of neutrinos 
and the zenith angle dependence show smaller uncertainties. They are important in the 
study of the neutrino oscillations using the atmospheric neutrinos, and are studied in the 
following. 



B. Uncertainty for the flux ratio among diff"erent neutrinos 

We have studied the variation of the ratios, Uf^/u^, Ve/^ei and [v^ + Vy)j{v^ + among 
the modified calculations for all direction average in Sec. IIIIl and shown in the right panel 
Fig. [ini We find the variation of the z/^/ z/^ and V(.j is within ± 5% below 100 GeV, where 
vr's are still the major source of atmospheric neutrinos. However, the variation increases 
above 100 GeV, due to the difference of the K productions in the different models. 

On the other hand, the ratio {v^i + v^) / {ve + i^e) is very stable among different calculations 
especially below 100 GeV (< 2%). Note, however, the variation of atmospheric model gives 
almost the largest variation to this ratio in this energy region. This is explained by the vr — /x 
successive decay process: 

7r± ^ /i± + ^^^^ 

The decay and energy loss of muons are affected by the atmospheric density profile. When 
most of the muons decay in the atmosphere, the ratio {v^ + v^) / {ve + ^e) becomes small. 
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When muons lose energy at a larger rate, the products of muon decay has lower energies, then 
with the steep energy spectrum of tt's at decay, the ratio becomes larger. The interaction 
model also causes an uncertainty in the ratio (z/^ + v^jiVf. + z/g) through the vr's spectrum 
at the decay. However, this is not a large effect as is seen from the right panel of Fig. [TUJ 

We estimate the error of the ratio (z/^ + / (z/g + u^) is ~ ±2% below 100 GeV, since our 
atmospheric density profile is a good approximation for the one year average of the more 
realistic model. 



C. Uncertainty for the vertical/horizontal ratio 

In the determination of 6m\^ = — rn^^ with atmospheric neutrino flux, the zenith 
angle dependence of the atmospheric neutrino flux is important. For the study of the zenith 
angle dependence, we calculate the quantity defined as: 

4")(cos^)=/ (l)i{cose,E^)E'^dE^ , (11) 

J El 

— (2) (2) 

for i = z/^, z/^, following HKKM04. The quantity I^J and IpJ are roughly proportional 
to the rate of the muon events induced by z/^ and z/^ in the energy range from Ei to E2. 
The neutrino cross section is roughly proportional to the neutrino energy and the muon 
range, therefore, the target volume is proportional to the muon energy, as far as the energy 

loss due to the pair creations is smaller than the ionization energy loss (~ 500 GeV). With 

(2) (2) (2) 

-El =10 GeV and E2=l TeV for the integration, we calculated ly as the average 

(2) 

over cos ^2 = 0.9 — 1.0, and as the average over cosO^ = 0.0 — 0.1. These quantities 
are calculated in all the modified calculation schemes studied in Sec. Illll and in the original 
ones. They are summarized in Table [H 

The stability of the zenith angle dependence of atmospheric neutrino flux may be studied 
with the stability of the I^^ / ly^ ratio. We find I^^ and ly^ calculated with the modified 
DPMJET-III show increases from those calculated in HKKM04 by about 10%. Therefore, 
the expectation value for the neutrino induced muon event will be also increased by 10%. 

(2) (2) 

However the I\j /ly ratio is almost the same as the HKKM04 calculation. The situations 
are similar for other interaction models, and there are ~ 3% variations in the I\j /ly ratios 
among the different calculations. Note, the different atmospheric density profile also gives 

f2) (2^ 

a ~ ±0.8% variation. Those variations remain as the uncertainty for the I\j /ly ratio, or 
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the uncertainty of the zenith angle dependence of the atmospheric neutrino flux. 

TABLE I: Quantities calculated by Eq.dUwith Ei = 10 GeV, E2 = I TeV, and n=2. I^y^ is the 
sum oi i = and for the vertical directions (cos^^ = 0.9 — 1.), and for the horizontal 
directions (cosS^ = 0. — 0.1), where 9z is the zenith angle. Note, the original DPMJET-III is used 
in the HKKM04 calculation. 



Calculation 


/|;^(m-2sec-iGeV2) 


/);^(m-2sec-iGeV2) 




HKKM04 


1634. 


3775. 


2.310 


HKKM04 (e = +0.05) 


1645. 


3881. 


2.285 


HKKM04 (e = -0.05) 


1577. 


3782. 


2.322 


modified DPMJET-III 


1798. 


4186. 


2.328 


modified Flux model 


1835. 


4295. 


2.340 


FLUKA'97 


1689. 


4068. 


2.409 


modified FLUKA 


1725. 


4151. 


2.407 


Fritiof 7.02 


1812. 


4133. 


2.281 


modified Fritiof 


1826. 


4183. 


2.290 



V. SUMMARY 

We have revised the calculation of atmospheric neutrino flux in HKKM04 with the "mod- 
ified DPMJET-III" constructed in Paper I. Before the calculation, we have studied the error 
caused by the use of the "virtual detectors" generally far larger than the actual neutrino 
detectors. Such a virtual detector introduces an error, since it averages the neutrino flux 
over positions where the geomagnetic conditions are different from the position of target 
detector. At the low energy end of our calculation (0.1 GeV), the error reaches around 
5 % with the virtual detector used in HKKM04 (a circle with radius ~ 1000 km), but it 
could be corrected comparing the average flux values of virtual detectors with different sizes. 
With this correction the error could be reduced to < 1 % which is much smaller than the 
uncertainties in other components for the calculation of atmospheric neutrino flux. In the 
calculation, we updated the geomagnetic field model from epoch 2000 to 2005. 
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Next, we studied the robustness of the modification procedure explained in Paper I. We 
modified the interaction models of FLUKA'97 and Fritiof 7.02, so that they reproduce the 
atmospheric muon flux data (i.e., the same as the modified DPMJET-III), and calculated 
the atmospheric neutrino flux in the 1-dimensional scheme for the energies above 3 GeV. The 
neutrino fluxes calculated with those modified interaction models agree within ±5% with 
the flux calculated with the modified DPMJET-III below 100 GeV. However, the variation 
increases to around ±15% at 1 TeV. This is considered to be due to the differences of the 
K productions in the modified interaction model. As the K productions in the original 
interaction models are different, there remain the differences of the K production in the 
modified interaction models. With this variation of the neutrino fluxes with the modified 
interaction models, we estimated the uncertainty of the atmospheric neutrino flux due to 
the uncertainty of the K production in the interaction model, when they are modified to 
reproduce the observed muon flux correctly. 

We summarized the uncertainties in the calculation of atmospheric neutrino flux includ- 
ing that of K production in the interaction model. The relation t^(^^j(^y, ~ I\(^y^j(^y^ ~ 
^<pue/ 'Pv^^i for the atmospheric lepton fluxes from the vr decay derived in Paper I is useful in 
this study. As we reproduce the atmospheric muon flux with a good accuracy from 1 GeV 
to 1 TeV, the uncertainty of atmospheric neutrino flux due to the uncertainty of the vr pro- 
ductions in the interaction model is estimated from the experimental error and residual of 
the reconstruction of the atmospheric muon flux data. Summarizing the uncertainties of 
atmospheric density profile, interaction cross section and the i^-productions in the inter- 
action model, we estimate the uncertainty of the atmospheric neutrino flux calculated in 
this paper is ~ 7% from 1 to 10 GeV, ~ 14% at 100 GeV, and ~ 25% at 1 TeV. Note the 
statistical error in the Monte Carlo study and uncertainty due to the calculation scheme is 
much smaller than those of other sources of the uncertainties. It is difficult to estimate the 
error at energies above 1 TeV, since the uncertainties of the primary flux and the interaction 
model would be larger at the corresponding energies (> 10 TeV) of the primary cosmic 
rays. Also accurately measured muon flux data are not available at the corresponding muon 
momenta (> 3 TeV) to calibrate the uncertainties. 

The neutrino flux ratios are also compared among the different calculations to study the 
variation. Although the variations for v^jv^ and Vf.jV(. are large, the (i^^ + t'^)/(t'e + ^'e) ratio 
is very stable (< 2%) over the range 0.1-100 GeV. The variation of the atmospheric density 
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profile gives the largest variation in the (t'^ + + Ve) ratio. However, for an one year 

average, the uncertainty of this ratio will be sufficiently small. 

The stability of the zenith angle dependence is also important in the study of neutrino 
oscillations using the atmospheric neutrino flux. We have studied the ratio [horizontal 
flux] /[vertical flux] ratio in the different calculations, then estimated the uncertainty. The 
variation or the uncertainty of the ratio is ~ 3 %, and the variation of i^-pro duct ion is 
considered to be the main source of this uncertainty. 
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APPENDIX A: ATMOSPHERIC NEUTRINO FLUX BELOW 10 GEV 



Here we tabulate the calculated low energy (0.1-10 GeV) atmospheric neutrino flux for 3 
locations — Kamioka, Sudbury (North America), and Gran Sasso — averaging them in the 
zenith angle bins with Acos^^ = 0.1, where 9^ is the zenith angle of the arrival direction of 
the neutrino, in Tables II-XXl. 

The atmospheric neutrino flux for solar minimum at sea level could be calculated as 

= [Value in table] x [Norm] (m"^sec~"^sr""^GeV~^) (Al) 

for each neutrino energy, kind of neutrino, observation site, and zenith angle bin. 

We have also calculated the flux of atmospheric neutrinos for Soudan2 and Frejus sites. 
The flux at Soudan2 site is almost identical to that of the SNO site (Sudbury). The flux at 
the Frejus site is a little higher (3% at 1 GeV and 10% at 0.1 GeV) than that for Gran Sasso. 
However, the flux for Gran Sasso could be used as the approximate flux for the Frejus site. 
Therefore, we select the fluxes for Kamioka, Sudbury, and Gran Sasso, to save space in this 
paper. 

The difference of the fluxes at different sites is due to the rigidity cutoff of the cosmic 
rays. Note, the difference of the terrain above the neutrino detector is not considered for each 
observation site in these tables. It may be important for the neutrino detectors constructed 
under high mountains. 

More detailed flux tables will be available from the web site: 



http://www.icrr.u-tokyo.ac.jp/~mhonda, from 0.1 GeV to 10 TeV, for solar max- 



imum and solar minimum, with and without the consideration of the terrain, and for 
Kamioka, Sudbury, Soudan2, Gran Sasso, and Frejus sites. Dividing the azimuthal angels 
into 12 bins, the flux table for each azimuthal bin will also be available for each calculation 
conditions stated above. 
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TABLE II: Neutrino flux (m-^gec-isr-iGeV-i) for 1.0 > cos6l^ > 0.9 
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TABLE III: Neutrino flux (m-^sec-isr-iGeV-i) for 0.9 > cos6'^ > 0.8 
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22.09 


1 Q 


Ul 


79 


02 


78.66 


41.05 


32 


29 


68 


19 


66.52 


33.00 


27 


78 




.UOIU 


30 


91 


29.62 


14.13 


1 9 




46 


74 


45.98 


23.72 


18 


71 


42 


27 


40.84 


20.23 


16 


74 






19 


53 


18.48 


8.73 


7 




26 


96 


26.13 


13.36 


10 


50 


25 


30 


24.20 


11.91 


9 


72 


ml 


1 nnn 


11 


99 


11.19 


5.19 




oo 


15 


21 


14.49 


7.31 


5 


72 


14 


68 


13.88 


6.75 


5 


44 


ml 




7 


15 


6.58 


2.99 


9 




8 


43 


7.90 


3.86 


3 


02 


8 


33 


7.75 


3.72 


2 


94 


ml 


1 


41 


62 


37.57 


16.74 


1 


oo 


46 


43 


42.49 


19.96 


15 


61 


46 


43 


42.10 


19.80 


15 


25 


1 

L 


1 QQ"^ 

l.iJVO 


23 


68 


20.87 


9.03 


7 


1 n 


25 


40 


22.50 


10.14 


7 


85 


25 


38 


22.33 


10.09 


7 


67 


1 
1 


9^19 


13 


17 


11.27 


4.68 


Q 
O 




13 


69 


11.73 


5.04 


3 


83 


13 


62 


11.69 


4.97 


3 


on 

80 


1 
1 


*^ 1 fi9 
o. xuz 


71 


46 


59.36 


23.31 


1 7 


vo 


72 


94 


ftn r^K 
60.00 


24.33 


18 


34 


72 


43 


ftn /I K 
60.45 


24.05 


18 


25 


m-i 


3.981 


37 


94 


30.64 


11.23 


8 


55 


38 


39 


30.99 


11.44 


8 


66 


38 


19 


30.88 


11.44 


8 


54 


10-1 


5.012 


19 


81 


15.62 


5.26 


3 


94 


19 


85 


15.68 


5.30 


4 


00 


19 


82 


15.64 


5.30 


3 


95 


10-1 


6.310 


101 


72 


78.98 


24.06 


18 


01 


101 


56 


78.98 


24.12 


18 


15 


101 


59 


78.96 


24.10 


18 


10 


10-2 


7.943 


51 


69 


39.76 


10.83 


8 


19 


51 


72 


39.76 


10.81 


8 


17 


51 


72 


39.77 


10.82 


8 


18 


10-2 


10.00 


26 


25 


19.97 


4.84 


3 


67 


26 


25 


19.97 


4.84 


3 


67 


26 


25 


19.97 


4.84 


3 


67 
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TABLE IV: Neutrino flux (m-^sec-isr-iGeVi) for 0.8 > cos6l^ > 0.7 









Kamioka 










Sudbury 










Gran Sasso 








(GeV) 


























Norm 


1 nnn 


37 


43 


37.60 


18.95 


17 


91 


97 


85 


97.43 


53.65 


40 


41 


63 


47 


63.64 


32.73 


29 


17 


102 




31 


05 


31.09 


15.54 


14 


62 


78 


82 


78.52 


42.82 


32 


39 


52 


15 


52.23 


26.65 


23 


63 


102 


. J-tJOO 


25 


21 


25.12 


12.37 


11 


55 


61 


99 


61.52 


32.90 


24 


88 


41 


78 


41.77 


21.00 


18 


48 


1 n^ 




19 


67 


19.56 


9.54 


8 


83 


46 


27 


45.90 


24.23 


18 


37 


32 


18 


32.05 


15.95 


13 


93 


1 n^ 




14 


62 


14.51 


7.07 


6 


51 


32 


14 


32.17 


17.03 


12 


99 


23 


48 


23.33 


11.61 


10 


07 


1 n^ 




10 


40 


10.28 


5.04 


4 


60 


21 


06 


21.24 


11.32 


8 


71 


16 


19 


16.11 


8.08 


6 


95 


1 n^ 




7 


16 


7.03 


3.47 


3 


12 


13 


23 


13.32 


7.13 


5 


54 


10 


76 


10.65 


5.38 


4 


58 


1 n^ 


"^01 9 


4 


80 


4.66 


2.30 


2 


03 


8 


06 


8.04 


4.29 


3 


36 


6 


93 


6.77 


3.45 


2 


89 


1 n^ 


.UOIU 


31 


29 


30.04 


14.75 


12 


84 


47 


73 


47.17 


24.92 


19 


65 


42 


99 


41.72 


21.28 


17 


61 


loi 




19 


82 


18.80 


9.10 


7 


84 


27 


57 


26.93 


14.06 


11 


13 


25 


80 


24.83 


12.59 


10 


29 


loi 


1 nnn 


12 


18 


11.42 


5.46 


4 


62 


15 


59 


15.00 


7.74 


6 


10 


15 


04 


14.32 


7.19 


5 


77 


loi 


1 91^0 


7 


27 


6.73 


3.20 


2 


63 


8 


69 


8.22 


4.16 


3 


25 


8 


53 


8.04 


4.01 


3 


15 


lOl 


X .ooo 


42 


47 


38.63 


18.03 


14 


52 


47 


94 


44.26 


21.79 


16 


78 


47 


55 


43.82 


21.47 


16 


56 


1 

X 


1 QQ^ 


24 


29 


21.57 


9.74 


7 


74 


26 


19 


23.50 


11.13 


8 


46 


26 


12 


23.28 


10.97 


8 


39 


1 

1 


9^19 


13 


48 


11.71 


5.09 


3 


97 


14 


13 


12.31 


5.53 


4 


20 


1 A 

14 


05 


12.21 


5.46 


4 


lb 


1 

X 




73 


24 


bl.oz 


25.58 


19 


67 


75 


34 


DO. 62 


26.84 


20 


41 


74 


89 


63.32 


26. 69 


20 


17 


XU 


3.981 


39 


02 


31.97 


12.40 


9 


47 


39 


65 


32.43 


12.76 


9 


66 


39 


57 


32.43 


12.78 


9 


57 


10-1 


5.012 


20 


31 


16.33 


5.86 


4 


43 


20 


51 


16.38 


5.94 


4 


46 


20 


50 


16.42 


5.94 


4 


47 


10-1 


6.310 


10 


43 


8.25 


2.71 


2 


04 


10 


47 


8.25 


2.71 


2 


04 


10 


47 


8.26 


2.71 


2 


04 


10-1 


7.943 


53 


20 


41.48 


12.25 


9 


24 


53 


15 


41.51 


12.24 


9 


24 


53 


15 


41.49 


12.25 


9 


23 


10-2 


10.00 


27 


03 


20.85 


5.48 


4 


16 


27 


02 


20.85 


5.48 


4 


16 


27 


02 


20.85 


5.48 


4 


15 
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TABLE V: Neutrino flux (m-^sec-isr-iGeVi) for 0.7 > cosO^ > 0.6 







Kamioka 










Sudbury 








Gran Sasso 








(GeV) 


H' 
























Norm 


1 nnn 


"^R Qfi 


39.24 


19.66 


18 


57 


103 


24 102.73 


56.39 


42 


58 


fifi ^9 


66.76 


34.19 


30 


51 


102 




oi.yu 


32.10 


16.10 


15 


08 


82 


28 


81.96 


44.72 


33 


79 


^4 nfi 


54.26 


27.68 


24 


51 


102 


. lOOO 




25.72 


12.73 


11 


87 


63 


95 


63.55 


34.10 


25 


82 


49 0*^ 


42.97 


21.66 


18 


99 


1 V? 


. LiJiJO 


1 Q 0"^ 


19.86 


9.76 


9 


03 


47 


25 


47.00 


24.98 


18 


99 


■^9 7Q 


32.68 


16.36 


14 


26 


1 






14.66 


7.24 


6 


62 


32 


69 


32.71 


17.50 


13 


40 


9'^ 7^ 


23.63 


11.92 


10 


33 


1 






10.37 


5.18 


4 


70 


21 


38 


21.57 


11.65 


8 


98 




16.30 


8.31 


7 


14 


1 


.OiJOl 


7 91 


7.10 


3.56 


3 


20 


13 


44 


13.56 


7.38 


5 


74 


1 n Q9 


10.80 


5.55 


4 


72 


1 






4.73 


2.37 


2 


10 


8 


20 


8.21 


4.46 


3 


51 


7 09 


6.91 


3.56 


3 


00 


1 


.uoiu 


■^1 i^fi 


30.54 


15.33 


13 


35 


48 


68 


48.33 


26.13 


20 


63 


4"^ 7^ 


42.65 


22.10 


18 


33 


loi 


7Q4^ 


90 


19.20 


9.60 


8 


25 


28 


23 


27.74 


14.88 


11 


76 


9fi 1^ 


25.48 


13.24 


10 


81 


loi 


1 nnn 


1 9 4n 


11.74 


5.82 


4 


92 


16 


04 


15.55 


8.28 


6 


50 




14.76 


7.65 


6 


17 


10^ 




7 44 


6.94 


3.41 


2 


81 


8 


94 


8.56 


4.50 


3 


47 


8 7Q 


8.28 


4.26 


3 


39 


lOl 


±.000 


4"^ fi4 


40.00 


19.29 


15 


55 


49 


31 


46.40 


23.67 


18 


18 


4Q 07 


45.41 


22.95 


17 


97 


1 

X 




94 QQ 


22.42 


10.54 


8 


39 


26 


95 


24.69 


12.11 


9 


31 


9fi 8^ 


24.40 


11.98 


9 


24 


1 

1 


9^19 

Z.O 


1 87 


12.17 


5.57 


4 


35 


14 


55 


12.89 


6.10 


4 


62 


1 4 


12.80 


6.02 


4 


61 


1 

1 


1 89 




6.45 


z.8o 


2 


17 


7 


78 


6.66 


O.Ol 


2 


26 


7 7fi 


6.64 


2.9 1 


2 


25 


1 

1 


3.981 


40.15 


33.58 


13.78 


10 


50 


40 


97 


34.20 


14.42 


10 


89 


40.86 


34.13 


14.31 


10 


78 


10-1 


5.012 


20.89 


17.17 


6.57 


5 


00 


21 


05 


17.33 


6.72 


5 


07 


21.13 


17.31 


6.68 


5 


06 


10-1 


6.310 


10.75 


8.68 


3.07 


2 


32 


10 


76 


8.71 


3.08 


2 


32 


10.81 


8.70 


3.07 


2 


32 


10-1 


7.943 


55.08 


43.69 


14.04 


10 


55 


55 


08 


43.64 


14.02 


10 


56 


55.01 


43.65 


14.04 


10 


55 


10-2 


10.00 


27.99 


21.96 


6.34 


4 


78 


28 


00 


21.96 


6.33 


4 


79 


27.98 


21.96 


6.34 


4 


78 


10-2 



28 



TABLE VI: Neutrino flux (m-^sec-isr-iGeV-i) for 0.6 > cos6l^ > 0.5 









Kamioka 










Sudbury 










Gran Sasso 








(GeV) 


























Norm 


1 nnn 


41 


34 


41.60 


20.84 


19 


58 


110 


93 110.41 


60.17 


45 


48 


71 


14 


71.28 


36.16 


32 


23 


102 




33 


50 


33.71 


16.84 


15 


76 


87 


17 


86.97 


47.31 


35 


73 


57 


05 


57.20 


29.06 


25 


74 


102 


. lOOO 


26 


58 


26.65 


13.22 


12 


24 


66 


69 


66.36 


35.75 


27 


06 


44 


66 


44.62 


22.52 


19 


82 


1 V? 


. LiJiJO 


20 


36 


20.36 


10.07 


9 


25 


48 


62 


48.44 


25.98 


19 


76 


33 


59 


33.53 


16.91 


14 


76 


1 cfl 




14 


93 


14.90 


7.45 


6 


80 


33 


30 


33.48 


18.11 


13 


83 


24 


10 


24.08 


12.26 


10 


60 


1 




10 


58 


10.53 


5.33 


4 


80 


21 


69 


21.96 


12.02 


9 


25 


16 


59 


16.54 


8.54 


7 


33 


1 


.OiJOl 


7 


28 


7.21 


3.68 


3 


27 


13 


63 


13.80 


7.61 


5 


93 


11 


03 


10.94 


5.72 


4 


86 


1 




4 


89 


4.79 


2.46 


2 


16 


8 


34 


8.39 


4.63 


3 


65 


7 


11 


7.00 


3.69 


3 


10 


1 


.uoiu 


32 


03 


31.03 


15.93 


13 


85 


49 


80 


49.64 


27.40 


21 


64 


44 


49 


43.45 


23.14 


19 


11 


10^ 


7Q4^ 


20 


41 


19.58 


10.05 


8 


61 


28 


99 


28.61 


15.74 


12 


44 


26 


92 


26.12 


13.96 


11 


37 


loi 


1 nnn 


12 


62 


12.01 


6.16 


5 


18 


16 


50 


16.11 


8.80 


6 


94 


15 


77 


15.23 


8.11 


6 


55 


loi 




7 


59 


7.15 


3.66 


3 


00 


9 


25 


8.90 


4.82 


3 


76 


9 


04 


8.62 


4.57 


3 


66 


lOl 


±.000 


44 


53 


41.53 


20.94 


16 


95 


51 


08 


48.40 


25.77 


19 


85 


50 


78 


47.52 


24.97 


19 


64 


1 

X 




25 


55 


23.43 


11.51 


9 


26 


27 


92 


25.86 


13.42 


10 


24 


27 


96 


25.57 


13.19 


10 


13 


1 

1 


9^19 

Z.O 


14 


29 


12.76 


6.14 


4 


82 


15 


16 


13.59 


6.80 


5 


16 


15 


06 


13.48 


6.70 


5 


11 


1 

± 


1 89 


7 


78 


0. 10 


o.lo 


2 


43 


8 


12 


7.07 


6.6 1 


2 


53 


8 


04 


^7 no 
(.03 


6.66 


2 


53 


1 

1 


3.981 


41 


43 


35.37 


15.62 


11 


92 


42 


69 


36.36 


16.34 


12 


14 


42 


51 


36.19 


16.27 


12 


26 


10-1 


5.012 


21 


68 


18.17 


7.55 


5 


70 


22 


03 


18.38 


7.70 


5 


76 


22 


01 


18.34 


7.67 


5 


80 


10-1 


6.310 


11 


19 


9.20 


3.55 


2 


66 


11 


24 


9.22 


3.56 


2 


68 


11 


24 


9.21 


3.55 


2 


68 


10-1 


7.943 


57 


18 


46.27 


16.28 


12 


26 


57 


12 


46.26 


16.27 


12 


24 


57 


13 


46.27 


16.29 


12 


24 


10-2 


10.00 


29 


11 


23.29 


7.42 


5 


60 


29 


10 


23.28 


7.42 


5 


60 


29 


10 


23.29 


7.42 


5 


60 
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TABLE VII: Neutrino flux (m-'^sec-'^sT-^GeY-^) for 0.5 > cosO^ > 0.4 









Kamioka 










Sudbury 










Gran Sasso 








(GeV) 












^/^ 
















Norm 


1 nnn 


4 


49 


4.54 


2.25 


2 


11 


12 


26 


12.16 


6.60 


4 


98 


7 


78 


7.79 


3.94 


Q 
O 


(ji- 


1 




35 


90 


36.26 


18.03 


16 


69 


94 


88 


94.37 


51.25 


38 


64 


61 


36 


61.44 


31.15 


97 


^7 
o t 


102 




27 


97 


28.19 


13.99 


12 


88 


71 


11 


70.76 


38.20 


28 


89 


47 


21 


47.25 


23.91 




Q7 


1 n^ 




21 


10 


21.15 


10.56 


9 


64 


50 


74 


50.71 


27.39 


20 


82 


34 


96 


34.95 


17.73 






1 n^ 




15 


30 


15.29 


7.75 


6 


98 


34 


28 


34.52 


18.88 


14 


45 


24 


71 


24.70 


12.68 


1 1 
1 1 




1 n^ 




10 


76 


10.71 


5.50 


4 


91 


22 


20 


22.47 


12.44 


9 


63 


16 


87 


16.83 


8.78 


7 


oyj 


1 n^ 




7 


36 


7.30 


3.78 


3 


34 


13 


91 


14.08 


7.87 


6 


16 


11 


16 


11.08 


5.88 


o 


nn 


1 n^ 


"^01 9 


4 


92 


4.85 


2.53 


2 


21 


8 


49 


8.56 


4.81 


3 


79 


7 


18 


7.08 


3.80 


Q 
O 


9n 


1 n^ 


.UOIU 


32 


22 


31.44 


16.53 


14 


33 


50 


83 


50.88 


28.56 


22 


70 


44 


96 


44.11 


23.84 


1 Q 


oy 


loi 




20 


58 


19.88 


10.54 


8 


98 


29 


70 


29.52 


16.59 


13 


15 


27 


31 


26.70 


14.53 


1 1 
1 1 


aO 


loi 


1 nnn 


12 


77 


12.24 


6.53 


5 


43 


16 


97 


16.73 


9.42 


7 


39 


16 


11 


15.67 


8.59 


ft 
U 


QA 


loi 




7 


71 


7.33 


3.90 


3 


19 


9 


57 


9.30 


5.21 


4 


07 


9 


28 


8.93 


4.92 


Q 
O 




lOl 


X .OOO 


45 


46 


42.70 


22.52 


18 


15 


53 


19 


50.71 


28.14 


21 


85 


52 


39 


49.69 


27.16 


91 


91 


1 

L 


1 QQ^ 


26 


20 


24.22 


12.59 


9 


99 


29 


17 


27.22 


14.84 


11 


41 


28 


95 


26.97 


14.45 


1 1 
1 1 


1 ^ 
lO 


1 
1 


9^19 


14 


lb 


13.35 


6.82 


5 


33 


15 


83 


14.41 


7.58 


5 


77 


15 


63 


14.24 


7.43 


o 


uy 


1 
1 




8 


08 


/ .16 


OKA 

3.54 


2 


74 


8 


45 


T KK 

1.00 


3.80 


2 


86 


8 


36 


^ A A 

IA4: 


3. lo 


9 




1 
1 


3.981 


43 


16 


37.49 


17.75 


13 


58 


44 


41 


38.93 


18.69 


14 


00 


44 


23 


38.65 


18.58 


13 


92 


10-1 


5.012 


22 


67 


19.28 


8.69 


6 


59 


23 


03 


19.70 


8.89 


6 


70 


22 


95 


19.69 


8.91 


6 


68 


10-1 


6.310 


11 


72 


9.82 


4.14 


3 


12 


11 


78 


9.88 


4.15 


3 


13 


11 


75 


9.90 


4.17 


3 


13 


10-1 


7.943 


59 


88 


49.74 


19.28 


14 


47 


59 


82 


49.64 


19.27 


14 


45 


59 


86 


49.62 


19.25 


14 


46 


10-2 


10.00 


30 


52 


25.01 


8.88 


6 


68 


30 


51 


25.00 


8.88 


6 


68 


30 


52 


25.00 


8.87 


6 


68 
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TABLE VIII: Neutrino flux (m-^sec-isr-iGeV-i) for 0.4 > cos6l^ > 0.3 









Kamioka 










Sudbury 










Gran Sasso 








(GeV) 


























Norm 


1 nnn 


5 


10 


5.16 


2.54 


2 


37 


14 


14 


14.03 


7.56 


5 


68 


8 


88 


8.91 


4.46 


3 


97 


1 




39 


93 


40.41 


20.02 


18 


52 


107 


11 


106.64 


57.68 


43 


54 


68 


83 


68.89 


34.82 


30 


77 


102 


. lOOO 


30 


50 


30.69 


15.28 


13 


97 


78 


28 


78.02 


42.24 


31 


96 


51 


63 


51.71 


26.12 


22 


99 


1 




22 


50 


22.61 


11.37 


10 


27 


54 


48 


54.68 


29.70 


22 


65 


37 


39 


37.35 


19.00 


16 


63 


1 




15 


98 


16.11 


8.22 


7 


37 


36 


00 


36.47 


20.05 


15 


43 


25 


98 


25.91 


13.45 


11 


64 


1 




11 


05 


11.06 


5.74 


5 


10 


22 


92 


23.33 


13.04 


10 


12 


17 


35 


17.34 


9.19 


7 


90 


1 




7 


48 


7.45 


3.92 


3 


43 


14 


25 


14.46 


8.17 


6 


43 


11 


33 


11.28 


6.08 


5 


18 


1 


"^01 9 


4 


97 


4.95 


2.62 


2 


26 


8 


69 


8.76 


4.97 


3 


97 


7 


26 


7.15 


3.91 


3 


30 


1 


.uoiu 


32 


46 


31.82 


17.09 


14 


63 


51 


90 


51.99 


29.69 


23 


67 


45 


18 


44.34 


24.49 


20 


58 


loi 


7Q4^ 


20 


65 


20.06 


10.88 


9 


22 


30 


39 


30.23 


17.39 


13 


83 


27 


48 


26.89 


14.98 


12 


40 


loi 


1 nnn 


12 


81 


12.43 


6.78 


5 


65 


17 


48 


17.24 


9.97 


7 


91 


16 


35 


15.93 


8.94 


7 


25 


loi 




7 


78 


7.50 


4.11 


3 


37 


9 


88 


9.68 


5.58 


4 


37 


9 


46 


9.19 


5.20 


4 


16 


lOl 


±.000 


46 


19 


43.94 


24.12 


19 


49 


55 


21 


53.30 


30.51 


23 


59 


53 


74 


51.55 


29.21 


23 


10 


1 

L 


1 QQ^ 
1 . c/yo 


26 


76 


25.06 


13.68 


10 


91 


30 


50 


28.81 


16.30 


12 


49 


29 


98 


28.16 


15.80 


12 


32 


1 
1 


9^19 

Z.O l-ij 


15 


21 


13.98 


7.50 


5 


89 


16 


57 


15.42 


8.55 


6 


49 


16 


27 


15.03 


8.25 


6 


36 


1 
1 


1 89 


8 


38 


/.o9 


3.9 1 


3 


09 


8 


89 


oil 
8.11 


4.38 


3 


28 


8 


74 


^7 ri/i 
/.94 


/I O /I 


3 


24 


1 
1 


3.981 


44 


88 


40.07 


20.30 


15 


66 


47 


11 


41.80 


21.82 


16 


19 


46 


49 


41.46 


21.39 


16 


25 


10-1 


5.012 


23 


67 


20.76 


10.10 


7 


70 


24 


47 


21.29 


10.54 


7 


87 


24 


14 


21.22 


10.49 


7 


90 


10-1 


6.310 


12 


32 


10.64 


4.91 


3 


70 


12 


47 


10.74 


4.98 


3 


74 


12 


38 


10.72 


4.98 


3 


74 


10-1 


7.943 


63 


40 


54.11 


23.35 


17 


54 


63 


19 


53.98 


23.26 


17 


49 


63 


33 


54.03 


23.25 


17 


49 


10-2 


10.00 


32 


32 


27.25 


10.90 


8 


19 


32 


29 


27.23 


10.88 


8 


18 


32 


31 


27.23 


10.88 


8 


18 


10-2 



31 



TABLE IX: Neutrino flux (m-^sec-isr-iGeV-i) for 0.3 > cos6l^ > 0.2 







Kamioka 






Sudbury 






Gran Sasso 






(GeV) 


















A* 








Norm 


1 nnn 




6.30 


3.08 


9 8fi 


1 7 48 


17.38 


9.28 


fi Q8 
u.yo 


1 n Qi 


10.93 


5.41 


4 8^ 


1 




^. 1 u 


4.82 


2.38 


9 1 Q 


1 9 Qf; 


12.93 


6.96 


^ 9"^ 




8.25 


4.13 


'\ fifi 


1 n3 


. J-tJOO 


OO.OtJ 


35.73 


17.81 


lU. lO 


Q1 7fi 


92.00 


49.75 


■^7 ^Q 


fin 99 


60.32 


30.42 


9fi 74 


1 n2 




9S 


25.54 


12.92 


1 1 .(JU 


fil 7n 


62.21 


34.07 


9"^ Q7 


49 9^^ 


42.33 


21.64 


1 8 87 


1 n2 




1 7 A'i 


17.63 


9.11 


8 07 


oy .(J / 


40.15 


22.44 


1 7 "^n 


98 4n 


28.48 


14.90 


1 9 88 


1 n2 


'^1 fi9 




11.85 


6.28 


^ 48 


94 ^Oi 


25.07 


14.19 


1 1 1 n 


1 8 ^^ 


18.56 


9.97 


8 Kl 


1 




7 81 


7.84 


4.23 


o.uo 


1 4 QQ 


15.24 


8.71 


fi Q9 


1 1 8"^ 


11.81 


6.46 


(J.Ol 


1 

xu 


"^01 9 


^ 1 9 


5.11 


2.78 


9 "^f! 


Q 09 
y .uz 


9.09 


5.25 


4 91 


7 41^ 


7.39 


4.08 


4^ 


1 

xu 


.UOIU 


■^9 QQ 


32.67 


17.94 


1 1^ 1 


OO.tJU 


53.53 


31.10 


94 Q7 


4fi 08 


45.44 


25.43 


91 "^n 


loi 

lU 




9n 84 


20.51 


11.44 


y.tjtj 


■^1 9fi 


31.02 


18.09 


1 4 ^4 


97 8fi 


27.37 


15.54 


1 9 88 


loi 

lU 


1 nnn 


1 9 0*^ 


12.66 


7.15 


^ 88 
o.oo 


I 7 Q7 

I I .y / 


17.70 


10.39 


o.oo 


1 fi 48 


16.14 


9.28 


7 1^8 


loi 

lU 




7 QD 


7.66 


4.32 


O.fJO 


1 n 1 7 


10.00 


5.94 


4 fi8 


Q ^Q 
y.fjy 


9.35 


5.43 


4 "^7 
^.o / 


lOl 

lU 


X .OOO 


4 79 


4.53 


2.55 


9 Dfi 




5.59 


3.32 


9 ^Q 


^ ^1 


5.31 


3.10 


9 44 


loi 

lU 


1 QQ^ 


97 zL7 


26.18 


14.80 


1 1 7fi 


'i^ Q7 


30.64 


17.96 


1 4 09 


■^1 1 9 


29.47 


17.17 


lO.Ol 


1 
1 


9^19 


1 1^ 7*^ 


14.77 


8.36 


u.oo 


1 7 "^Q 


16.42 


9.55 


7 "^9 


1 7 Ofi 


15.96 


9.16 


7 1 1 
1.11 


1 
1 




8 77 


8.10 


4.0i 




Q '^7 
y .o / 


O.I 6 


A no 
4.99 


7f! 


Q 91 


8.51 


A QO 
4.0Z 


O. 1 1 


1 
1 


3.981 


47.46 


43.32 


23.42 


18.24 


50.09 


45.94 


25.44 


19.03 


49.16 


44.75 


24.91 


18.84 


10-1 


5.012 


25.19 


22.79 


11.96 


9.15 


26.03 


23.48 


12.54 


9.37 


25.80 


23.21 


12.36 


9.37 


10-1 


6.310 


13.17 


11.78 


5.97 


4.49 


13.30 


11.85 


6.04 


4.53 


13.29 


11.84 


6.00 


4.54 


10-1 


7.943 


6.80 


6.00 


2.90 


2.18 


6.78 


5.99 


2.89 


2.17 


6.78 


5.99 


2.89 


2.17 


10-1 


10.00 


34.82 


30.38 


13.83 


10.38 


34.80 


30.37 


13.82 


10.37 


34.80 


30.37 


13.82 


10.37 


10-2 
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TABLE X: Neutrino flux (m-^gec-isr-iGeV-i) for 0.2 > cos6'2 > 0.1 







Kamioka 






Sudbury 






Gran Sasso 






(GeV) 


























Norm 


1 nnn 


o.uu 


8.76 


4.23 


Q9 


94 '^P, 


24.41 


12.94 


Q 7n 

y. ( u 


1 1 Q 
X(j. ly 


15.25 


7.46 


fi fi7 
u.u / 


1 n^ 

xu 


1 




6.52 


3.19 


9 0"^ 


1 7 7*^ 


17.69 


9.47 


7 1 9 


1 1 94 


11.23 


5.58 


4 0*^ 
^.yo 


1 n3 

lU 






4.68 


2.33 


9 no 


19 11 


12.17 


6.59 


4 Q7 
^.y 1 


7 Q9 
/ .yz 


7.93 


3.99 


O.Ol 


1 n3 

lU 


1 QQ^ 


Ol. 1 o 


32.26 


16.38 


1 A ^f, 


7s no 


79.26 


43.65 


oo.oo 


fJO. lU 


53.57 


27.59 


94 ni 


1 n2 

lU 


9^1 9 


91 DQ 


21.42 


11.19 


c?.OU 


47 Q'l 


49.10 


27.65 


91 


■^4 4n 


34.61 


18.43 


1 ^ 89 


1 n^ 

XU 






13.92 


7.43 




9S fi7 


29.46 


16.84 


lO.OU 


91 '^R 


21.70 


11.80 


1 n 1 1 

lU. X 1 


1 n^ 

xu 


.OcfOl 


o.ou 


8.92 


4.87 


4 1 4 


1 f! Q4 


17.29 


10.00 


o.uo 


lO.OO 


13.36 


7.40 


f! "^1 


1 n^ 

xu 


^f\^ 9 


(J.UO 


5.64 


3.15 


9 fi4 


Q 


10.02 


5.85 


4 7fi 


S 1 1^ 


8.11 


4.58 


S7 
o.o / 


1 n^ 

xu 


.UOIU 


OtJ.UO 


35.33 


19.86 


1 f\ A'^ 


^7 78 


57.69 


33.95 


97 47 


4Q 1 n 

^y . lu 


48.61 


27.90 


9*^ 4n 








21.89 


12.39 


mil 


OO.Ol 


32.92 


19.53 


1 ^ 7fi 


9Q 1 S 
zy . lo 


28.74 


16.68 


1 % 89 


ml 


1 nnn 


lO.OO 


13.40 


7.68 


fi 1 


1 Q nn 

ly .uu 


18.61 


11.17 


S QQ 
o.yy 


1 7 1 n 


16.80 


9.84 


8 nn 

o.uu 


ml 




o.uo 


8.04 


4.67 


o.uy 


1 n (\7 


10.46 


6.37 


^ ni 


a.Oo 


9.69 


5.77 


4 fil 


ml 


l.OOO 


^.oo 


4.72 


2.77 


9 1 S 


Qfi 


5.82 


3.56 


9 7fi 


O.UO 


5.47 


3.28 


9 fi9 


ml 


1 QQ^ 


9S "^1 


27.16 


15.97 


1 9 fi'^ 


oo. ly 


32.00 


19.45 


1^11 


■^1 8fi 


30.39 


18.18 


14^1 


1 
1 


9^19 


1 f! 91 


15.43 


9.06 


7 1 n 


1 8 "^n 

lO.OU 


17.40 


10.53 


8 1 n 


1 7 7n 

1 1 . 1 u 


16.74 


9.99 


7 7^ 
1 . / o 


1 
1 


1 (^9 


Q 1 n 


8.0 / 


K no 
o.Oz 


o.oy 


Q 


n /I n 
9.40 


0.64 


4 97 


y.uo 


n no 
9.08 


0.4i 


4 1 1 

'4:. 1 X 


1 


3.981 


5.00 


4.64 


2.70 


2.07 


5.32 


5.00 


2.96 


2.21 


5.22 


4.83 


2.87 


2.17 


1 


5.012 


26.82 


24.67 


14.19 


10.71 


27.86 


25.86 


15.03 


11.15 


27.67 


25.38 


14.82 


11.08 


10-1 


6.310 


14.18 


13.02 


7.29 


5.48 


14.38 


13.22 


7.44 


5.56 


14.38 


13.17 


7.42 


5.56 


10-1 


7.943 


7.42 


6.80 


3.67 


2.77 


7.39 


6.78 


3.65 


2.75 


7.39 


6.78 


3.65 


2.76 


10-1 


10.00 


38.24 


34.80 


17.98 


13.52 


38.20 


34.76 


17.96 


13.50 


38.20 


34.77 


17.96 


13.50 


10-2 
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TABLE XI: Neutrino flux (m-^sec-^sr-^GeV-^) for 0.1 > cos6l^ > 0.0 







Kamioka 






Sudbury 






Gran Sasso 






(GeV) 


















A* 








Norm 


1 nnn 


1 4 1 Q 


14.40 


6.85 


u.oo 


■^Q Q1 
oy .y X 


39.56 


20.65 


1 ^ 71 


94 SQ 


24.87 


12.08 


1 n 7n 

XU. I u 


1 n^ 

xu 


1 




10.43 


5.01 


4 fi9 


9S 1 1 

ZO . 1 X 


27.96 


14.85 


1 1 9"^ 
1 X . zo 


1 7 8^ 


17.85 


8.78 


7 77 


1 n^ 

xu 


1 

. LOOO 


7 1 n 


7.19 


3.54 


91 


1 S 41 


18.60 


10.01 


7 


1 9 no 


12.13 


6.12 


o.oo 


1 n3 

xu 


1 QQ^ 




4.73 


2.40 


9 1 4 


1 1 '^n 


11.60 


6.41 


4 Qfl 


7 71^ 
/ . / o 


7.80 


4.07 


'\ 1^9 
o.oz 


1 n3 

xu 


9^1 9 


9Q 


30.04 


15.88 


1 7n 


uu. oo 


68.44 


39.32 


ou.oo 


47 fi'^ 
^ 1 .uo 


47.94 


25.83 


99 9'^ 


1 n2 

xu 






18.53 


10.09 


8 fi7 


■^7 Q1 
o 1 .y X 


39.19 


22.90 




9S 'il 


28.77 


16.00 


1 fin 

xo.uu 


1 n^ 

xu 


.OcfOl 


1 1 1 Q 


11.35 


6.33 


^ "^7 


91 48 


22.03 


12.96 


1 n 44 


1 f! 87 


16.97 


9.65 


o. xo 


1 n^ 

xu 


^f\^ 9 


f! 87 


6.94 


3.94 


94 


1 9 1 


12.28 


7.25 


^ Q1 


y . yo 


9.89 


5.72 


4 77 


1 n^ 

xu 


.UOIU 




42.02 


23.91 


1 Q "^7 
ly .o / 


L) 1 .yu 


68.49 


40.39 


■^9 Q4 


n9 

oo.uz 


57.33 


33.87 


97 4"^ 
L t .^o 






94 sn 


25.10 


14.52 




■^7 QS 
o 1 .yo 


37.79 


22.71 


1 S 41 


'^'^ 41 


32.91 


19.66 


1 ^ sn 

xo.ou 




1 nnn 


1 4 74 


14.82 


8.82 


u.oy 


91 07 


20.77 


12.81 


1 n 0^ 


1 S Q7 


18.66 


11.18 


Q 1 1 
y . X X 


ml 


1 9^Q 


S 77 


8.70 


5.24 


4 nn 


I 1 '^'^ 

I I .(JO 


11.56 


7.08 


o.ou 


1 n 7n 


10.49 


6.37 


o. xo 


ml 


l.OOO 




5.07 


3.05 




u.oy 


6.34 


3.86 


o.uu 


o.yu 


5.87 


3.62 


9 Sfi 


ml 


1 QQ^ 


9Q 07 


29.19 


17.56 


1 fi9 


Oo.oz 


34.04 


21.02 


lU.OO 


'^'^ nn 

oo. uu 


32.54 


20.26 


1 ^ fi4 


1 
1 


9^19 


1 (\ 7Q 
lu. 1 y 


16.54 


10.11 


7 RQ 
/ .uy 


1 Q 1 
ly . lo 


18.35 


11.43 


o.ou 


1 S "^1 


17.82 


10.98 


8 4fi 


1 
1 


1 f^9 


Q 48 
y .^o 


9.1 / 


o.oo 


4 9S 


1 n "^4 


9.8/ 


6.1o 


4 79 


1 n 1 4 

lU. 1^ 


9.59 


0.89 


^.oo 


1 
1 


3.981 


5.18 


4.97 


2.98 


2.34 


5.61 


5.27 


3.30 


2.49 


5.53 


5.11 


3.14 


2.41 


1 


5.012 


28.10 


26.53 


16.13 


12.29 


29.44 


27.89 


17.16 


13.06 


29.31 


27.37 


16.43 


12.52 


10-1 


6.310 


15.09 


14.18 


8.57 


6.39 


15.26 


14.51 


8.71 


6.62 


15.28 


14.43 


8.53 


6.45 


10-1 


7.943 


7.98 


7.54 


4.40 


3.32 


7.96 


7.49 


4.38 


3.29 


7.96 


7.50 


4.41 


3.31 


10-1 


10.00 


41.72 


39.25 


22.42 


16.87 


41.70 


39.17 


22.40 


16.82 


41.69 


39.19 


22.43 


16.86 


10-2 
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TABLE XII: Neutrino flux (m-^sec-^sr-iGeV-^) for 0.0 > cos6l^ > -0.1 









Kamioka 










Sudbury 








Gran Sasso 








(GeV) 


















A* 


Vp 






Norm 


1 nnn 


15 


16 


15.36 


7.33 


6 


74 


38 


57 


38.36 


19.77 


15 


33 


94 SI 


24.96 


12.23 


10 


64 


1 




11 


02 


11.06 


5.33 


4 


89 


27 


25 


27.11 


14.22 


11 


01 


1 7 84 


17.89 


8.92 


7 


72 


1 n3 




7 


55 


7.59 


3.76 


3 


39 


17 


94 


18.07 


9.68 


7 


50 


1 9 flQ 


12.16 


6.16 


5 


28 


1 n3 




4 


91 


4.96 


2.54 


2 


26 


11 


12 


11.34 


6.24 


4 


85 


7 7n 


7.78 


4.07 


3 


45 


1 n3 




30 


78 


31.12 


16.47 


14 


43 


65 


79 


67.71 


38.40 


30 


08 


4fi fi7 


47.52 


25.89 


21 


83 


1 n2 




18 


71 


19.04 


10.41 


8 


96 


37 


76 


39.04 


22.57 


18 


03 


97 SI 
^ 1 .ox 


28.35 


15.88 


13 


31 


1 




11 


34 


11.57 


6.46 


5 


47 


21 


55 


22.14 


12.89 


10 


49 


1 f! 49 


16.67 


9.48 


7 


93 


1 n2 


"^01 9 


6 


91 


7.01 


3.96 


3 


29 


12 


28 


12.44 


7.29 


5 


96 


Q fi4 


9.71 


5.60 


4 


66 


1 n2 


.UOIU 


41 


61 


41.96 


24.00 


19 


50 


68 


99 


69.10 


41.29 


33 


33 




56.08 


33.05 


27 


08 


loi 




24 


87 


24.93 


14.61 


11 


51 


38 


58 


38.27 


23.24 


18 


60 


■^9 '^S 


32.21 


19.29 


15 


64 


loi 


1 nnn 


14 


73 


14.74 


8.83 


6 


80 


21 


54 


21.21 


12.93 


10 


33 


1 S 49 


18.39 


11.09 


8 


93 


loi 


1 O^Q 


8 


58 


8.63 


5.17 


4 


02 


11 


89 


11.69 


7.15 


5 


65 


1 n fi9 


10.41 


6.32 


5 


00 


lOl 


X .OOO 


5 


00 


4.94 


3.00 


2 


33 


6 


49 


6.30 


3.92 


3 


06 


u.ux 


5.82 


3.55 


2 


80 


loi 


1 QQ^ 


29 


08 


28.13 


17.47 


13 


35 


35 


29 


33.72 


21.34 


16 


50 


OO. lO 


32.25 


19.79 


15 


56 


1 

1 


9^19 


lb 


68 


16.31 


9.99 


7 


59 


19 


21 


18.46 


11.55 


8 


86 


1 8 "^7 


17.77 


10.99 


o 

8 


A n 

40 


1 

1 




9 


38 


9.18 


O.OZ 


4 


23 


10 


43 


n no 


D.Zi 


4 


71 


10 19 

lU. IZ 


y.bo 


0.9/ 


4 


50 


1 

1 


3.981 


5 


19 


4.95 


2.97 


2 


31 


5 


57 


5.21 


3.29 


2 


47 


5.50 


5.14 


3.16 


2 


41 


1 


5.012 


28 


28 


26.40 


15.95 


12 


39 


29 


05 


27.81 


17.03 


12 


87 


29.33 


27.41 


16.51 


12 


58 


10-1 


6.310 


15 


14 


14.15 


8.49 


6 


47 


15 


15 


14.56 


8.65 


6 


55 


15.33 


14.42 


8.56 


6 


47 


10-1 


7.943 


7 


98 


7.54 


4.41 


3 


30 


7 


98 


7.48 


4.39 


3 


30 


7.95 


7.50 


4.41 


3 


31 


10-1 


10.00 


41 


71 


39.25 


22.44 


16 


85 


41 


72 


39.16 


22.41 


16 


84 


41.67 


39.19 


22.43 


16 


85 
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TABLE XIII: Neutrino flux (m-^sec-^sr-^GeV-i) for -0.1 > cos6l^ > -0.2 







Kamioka 






Sudbury 






Gran Sasso 






(GeV) 












^/^ 














Norm 


1 nnn 


XU.O I 


10.94 


5.36 


d 7fi 


91 9'^ 


21.17 


10.95 


8 7n 

O. ( u 


1^11 


15.14 


7.68 


'^7 
u.o / 


1 

xu 




8 nn 


8.03 


3.99 




1 1^ 4Q 


15.48 


8.09 


49 


1 1 n^^ 

1 1 .uo 


11.11 


5.70 


4 fiq 


1 n3 

xu 


. J-tJOO 


(J.Ul 


5.66 


2.85 


9 


1 n 71 


10.75 


5.70 


4 ^1 


7 7n 

/ . / u 


7.76 


4.04 


'^1 


1 n3 

xu 






38.05 


19.62 


1 7 nfi 

1 t .uu 


7n 9^ 


71.21 


38.50 


ou.oo 


tJl.UU 


51.75 


27.49 


99 


1 n2 

xu 






24.56 


13.07 


1 1 9/1 


44 9n 


45.09 


24.94 


1 q qi 


■^9 48 


33.15 


18.01 


1 4 8'^ 


1 n2 

xu 




1 ^ 98 

XtJ.ZO 


15.46 


8.41 


7 1 7 


97 Dfi 


27.62 


15.58 


1 9 ^4 

IZ . Ut: 


90 1 ^ 
zu. xo 


20.61 


11.43 


Q 4*^ 
y .^o 


1 

xu 




Q ^0 


9.61 


5.32 




1 (\ 97 


16.56 


9.47 


7 R(\ 
1 .uu 


1 9 "^7 


12.58 


7.08 


^ 84 


1 n2 

xu 


"^01 9 


(j.yo 


5.94 


3.33 


9 sn 


Q fi8 


9.79 


5.65 


4 ^7 


/ .ou 


7.60 


4.31 


o.ou 


1 n2 

xu 


.UOIU 




36.35 


20.38 


17 19 


^7 "^4 


57.21 


33.36 


97 0"^ 
z / .uo 


41^ fiq 


45.65 


26.18 


91 


loi 




99 1 7 


22.02 


12.58 


1 n '^7 


'^'^ '^9 


32.95 


19.58 


1 ^ 7q 


97 1 

Z 1 . lU 


27.08 


15.73 


1 9 87 


loi 


1 nnn 




13.24 


7.74 


P, 9"^ 


1 8 Qfi 
lo.yu 


18.73 


11.37 


q nfi 
y.uu 


1 ^ q4 


15.86 


9.32 


7 1^8 


loi 




7 Q7 


7.92 


4.58 


fi8 


1 n fiQ 
lu.uy 


10.55 


6.45 


^ 08 
o.uo 


q 

a.OO 


9.23 


5.46 




lOl 


X .OOO 




4.62 


2.69 


9 1 4 


qq 


5.90 


3.59 


9 80 
z.ou 




5.28 


3.16 


9 48 


loi 


1 QQ^ 


97 "^7 


26.40 


15.75 


1 9 "^n 


oo.oo 


32.45 


19.64 




■^1 1 n 

Ol . lU 


29.68 


17.89 


1 qq 
lo.yy 


1 
1 


9^19 




15.14 


8.86 


Q7 


1 8 


17.53 


10.61 


8 1 4 


1 7 "^9 


16.52 


9.81 


7 7n 

1 . / u 


1 
1 


1 (^9 


8 

o.yo 


o.4d 


4.90 


84 


Q Q7 
y.y / 


n /1 1 

y.4i 


0.66 


4 9Q 


y.ou 


n no 
9.0z 


0.31 


4 1 1 


1 


3.981 


4.92 


4.59 


2.68 


2.05 


5.33 


4.99 


2.95 


2.23 


5.20 


4.81 


2.84 


2.14 


1 


5.012 


26.76 


24.77 


14.11 


10.78 


27.93 


25.76 


14.91 


11.27 


27.41 


25.34 


14.67 


10.95 


10-1 


6.310 


14.24 


13.11 


7.27 


5.52 


14.40 


13.19 


7.40 


5.59 


14.26 


13.17 


7.37 


5.53 


10-1 


7.943 


7.41 


6.79 


3.67 


2.76 


7.39 


6.78 


3.65 


2.75 


7.41 


6.78 


3.66 


2.76 


10-1 


10.00 


38.22 


34.77 


17.99 


13.51 


38.20 


34.77 


17.96 


13.50 


38.23 


34.77 


17.97 


13.51 
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TABLE XIV: Neutrino flux {m-^sec-'^sT-^GeV~^) for -0.2 > cos6l^ > -0.3 







Kamioka 






Sudbury 






Gran Sasso 






(GeV) 












^/^ 
















Norm 


1 nnn 


o.uo 


8.65 


4.41 


71 


1 9 7n 


12.71 


6.59 


o.ou 


xu.oo 


10.37 


5 


34 


4 '^fi 


1 

xu 


1 


zLQ 


6.50 


3.35 


9 RD 


Q '^9 


9.54 


4.99 


4 ni 


7 77 


7.80 


4 


06 


9Q 


1 

xu 


1 

. LOOO 




4.70 


2.44 


9 (14 


87 
u.o / 


6.91 


3.64 


9 Q1 


^ fin 

o.uu 


5.64 


2 


96 


9 '^Q 


1 n3 

xu 


1 QQ^ 




32.56 


17.09 




47 44 


47.87 


25.52 


9n 4fi 


■^8 7n 

OO. 1 u 


39.10 


20 


76 


1 fi 89 


1 n2 

xu 


9^1 9 




21.64 


11.59 


Q 71 


■^1 "^9 


31.76 


17.19 


1 Q4 


91^ fi7 
zo.u / 


26.09 


14 


07 


1 1 44 


1 n2 

xu 






14.02 


7.63 


fi 41 


90 flQ 


20.38 


11.26 


y . xu 


xu.oo 


16.84 


9 


20 


7 'ifi 
1 .ou 


1 

xu 


.OcfOl 


o.ou 


8.93 


4.91 


4 1 9 


1 9 fi^ 


12.81 


7.17 


^ 84 


1 n 4fi 


10.60 


5 


89 


4 84 


1 n2 

xu 


^f\^ 9 


O.Oa 


5.60 


3.10 


9 


7 8fi 


7.92 


4.47 


fi4 


fi ^4 


6.57 


3 


72 


09 


1 

xu 


.UOIU 




34.64 


19.40 


1 f! 1 1 


48 1 n 


47.87 


27.56 


99 1 Q 
zz. ly 


4n 47 


40.47 


22 


95 


1 8 fifi 

lO.UU 






91 A7 


21.20 


11.94 


Q Q1 


98 88 
zo.oo 


28.52 


16.59 


1 97 


94 i^fi 


24.44 


13 


96 


1 1 "^1 
IX. ox 




1 nnn 


lO.UU 


12.82 


7.25 


^ Q7 


1 QQ 


16.75 


9.75 


7 7Q 
/ . / y 


1 4 fifi 


14.50 


8 


37 


fi 71 

U. t X 


ml 






7.62 


4.37 


^1 


Q 8n 


9.62 


5.65 


4 

^.ou 


8 fi8 
o.uo 


8.55 


4 


91 


Q1 
o.y X 


ml 


l.OOO 




4.46 


2.56 


9 (T^ 


^7 
o.o t 


5.43 


3.20 


9 ^9 
z . oz 


o.uu 


4.92 


2 


83 


9 94 
z . z^ 


ml 


1 QQ^ 


9f! 79 


25.62 


14.47 


1 1 1^9 


'i^ 98 


30.02 


17.61 


1 fi7 


98 Q8 
zo.yo 


27.67 


15 


97 


1 9 ^4 


1 
1 


9^19 


1 1^ 'i'i 

lO.OO 


14.39 


8.07 


u.o / 


1 7 "^4 


16.25 


9.39 


7 91^ 
/ .zo 


1 fi 9^ 
xu.zo 


15.34 


8 


77 


fi 8n 

u.ou 


1 
1 


1 f^9 


S "^7 

0.0/ 


^ on 
/ .89 


/I on 
4.39 


49 


Q 4n 

y .^u 


0.69 


4.93 


7(\ 
o. / u 


o. yo 


0.34 


4 


01 


o.oy 


1 
1 


3.981 


46.56 


42.34 


23.13 


17.85 


49.82 


45.82 


25.35 


19.02 


48.32 


44.27 


24 


19 


18.46 


10-1 


5.012 


24.98 


22.40 


11.84 


9.06 


25.96 


23.42 


12.52 


9.36 


25.53 


23.05 


12 


22 


9.25 


10-1 


6.310 


13.16 


11.70 


5.93 


4.49 


13.31 


11.83 


6.04 


4.53 


13.24 


11.81 


6 


01 


4.52 


10-1 


7.943 


6.80 


6.01 


2.90 


2.18 


6.78 


5.99 


2.89 


2.17 


6.79 


5.99 


2 


89 


2.17 


10-1 


10.00 


34.82 


30.40 


13.84 


10.38 


34.79 


30.38 


13.82 


10.37 


34.81 


30.38 


13 


82 


10.37 
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TABLE XV: Neutrino flux (m-^sec-isr-iGeV-i) for -0.3 > cos 6'^ > -0.4 









Kamioka 










Sudbury 










Gran Sasso 








(GeV) 












^/^ 














Norm 


1 nnn 


7 


18 


7.17 


3.71 


3 


07 


8 


78 


8.78 


4.58 


3 


73 


8 


11 


8.10 


4.24 


3 


44 


1 




5 


50 


5.50 


2.86 


2 


37 


6 


74 


6.76 


3.55 


2 


88 


6 


22 


6.23 


3.27 


2 


66 


1 n3 


. J-tJOO 


40 


89 


40.91 


21.30 


17 


66 


50 


16 


50.40 


26.41 


21 


47 


46 


30 


46.41 


24.36 


19 


70 


1 n2 




29 


09 


29.20 


15.31 


12 


68 


35 


81 


36.09 


18.98 


15 


46 


32 


97 


33.19 


17.52 


14 


22 


1 n2 




19 


83 


20.01 


10.61 


8 


83 


24 


43 


24.74 


13.20 


10 


78 


22 


41 


22.73 


12.15 


9 


95 


1 n2 




13 


17 


13.26 


7.13 


5 


95 


16 


12 


16.36 


8.88 


7 


27 


14 


82 


15.04 


8.16 


6 


67 


1 

xu 




8 


55 


8.56 


4.67 


3 


90 


10 


43 


10.54 


5.79 


4 


75 


9 


58 


9.67 


5.30 


4 


34 


1 n2 


"^01 9 


5 


45 


5.43 


2.99 


2 


50 


6 


64 


6.65 


3.67 


3 


02 


6 


07 


6.09 


3.36 


2 


76 


1 n2 


.UOIU 


34 


37 


33.92 


18.70 


15 


68 


41 


40 


41.06 


22.86 


18 


77 


37 


87 


37.71 


20.94 


17 


20 






21 


22 


20.80 


11.49 


9 


60 


25 


25 


24.92 


13.93 


11 


37 


23 


18 


22.92 


12.79 


10 


44 




1 nnn 


12 


85 


12.50 


6.94 


5 


74 


15 


09 


14.82 


8.31 


6 


71 


13 


91 


13.64 


7.62 


6 


20 


ml 




7 


70 


7.38 


4.10 


3 


36 


8 


84 


8.61 


4.84 


3 


87 


8 


22 


7.96 


4.45 


3 


61 


ml 


X .OOO 


45 


18 


42.97 


23.64 


19 


23 


50 


86 


49.00 


27.46 


21 


72 


47 


82 


45.75 


25.47 


20 


34 


1 


1 QQ^ 


25 


92 


24.54 


13.28 


10 


68 


28 


78 


27.29 


15.12 


11 


83 


27 


30 


25.79 


14.23 


11 


10 


1 
1 


9^19 


14 


74 


13.60 


7.30 


5 


'~7 A 

74 


15 


99 


14.81 


8.10 


6 


25 


15 


27 


14.15 


7.67 


5 


96 


1 
1 




8 


18 


/ .39 


o.8o 


3 


00 


8 


70 


( .90 


4.zi 


3 


21 


8 


38 


I X)l 


4.00 


3 


10 


1 
1 


3.981 


44 


14 


39.47 


19.87 


15 


28 


46 


34 


41.46 


21.26 


16 


05 


45 


10 


40.31 


20.37 


15 


59 


10-1 


5.012 


23 


39 


20.55 


9.98 


7 


58 


24 


19 


21.23 


10.41 


7 


81 


23 


76 


20.82 


10.10 


7 


70 


10-1 


6.310 


12 


26 


10.60 


4.89 


3 


69 


12 


42 


10.73 


4.96 


3 


72 


12 


33 


10.64 


4.91 


3 


71 


10-1 


7.943 


63 


48 


54.22 


23.37 


17 


57 


63 


29 


54.02 


23.28 


17 


52 


63 


40 


54.12 


23.36 


17 


53 


10-2 


10.00 


32 


33 


27.26 


10.90 


8 


19 


32 


30 


27.23 


10.89 


8 


18 


32 


32 


27.25 


10.90 


8 


18 


10-2 
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TABLE XVI: Neutrino flux {m-^sec-'^sT-^GeV~^) for -0.4 > cos6l^ > -0.5 







Kamioka 






Sudbury 






Gran Sasso 






(GeV) 












^/^ 






A* 








Norm 


1 nnn 


u.oo 


6.38 


3.32 


9 77 


fi 89 


6.81 


3.57 


z . yu 


fi Q9 
u. yz 


6.92 


3.64 


9 Q8 
z.yo 


1 n^ 

xu 


1 


'\ nn 

(J.UU 


5.00 


2.61 


9 1 8 

Z. lO 


o.oo 


5.36 


2.80 


9 "^9 


^ 49 


5.44 


2.86 


9 "^4 


1 n3 

xu 


1 

. LOOO 


■^S 1 9 

OO. 


38.05 


19.76 


1 47 


4n 84 


40.86 


21.25 


1 7 fil 


41 '^R 


41.44 


21.68 


1 7 79 
1 / . / z 


1 n2 

xu 


1 QQ^ 


97 8S 

Z 1 .OO 


27.83 


14.45 


1 9 ns 


9Q Q4 
zy .y^ 


29.95 


15.61 


1 9 Q4 


■^n 91 


30.29 


15.87 


1 nn 


1 n2 

xu 


9^1 9 


1 Q 4*^ 


19.48 


10.21 


o.oo 


90 QD 


21.01 


11.08 


Q 1 8 
y . ±o 


90 QQ 
zu.yy 


21.18 


11.19 


Q 91 
y . z X 


1 n^ 

xu 




1 (17 
xo.u t 


13.11 


6.99 


^ 87 

O.O 1 


1 4 07 


14.16 


7.56 


fi 97 


14 11 


14.26 


7.64 


98 
u.zo 


1 n^ 

xu 


.OcfOl 


O.Oc/ 


8.59 


4.61 


o.oo 


Q 99 


9.25 


4.98 


4 1 


Q 99 


9.27 


5.02 


4 14 


1 n2 

xu 


^f\^ 9 




5.50 


2.95 


9 4Q 


1^ Q9 


5.90 


3.19 




^ SQ 
fj.oy 


5.87 


3.19 




1 n2 

xu 


.UOIU 




34.36 


18.46 


1 1^ i^fi 

1(J.(JU 


■^7 98 
O 1 .zo 


36.80 


19.95 


1 fi R9 


■^f! 88 
ou.oo 


36.51 


19.85 


1 4"^ 






91 


21.01 


11.35 


Q 4Q 
y .^y 


99 Q4 


22.46 


12.18 


1 n 08 


99 (VX 


22.17 


12.10 


Q Q9 
y .yz 




1 nnn 




12.60 


6.81 


^ fi4 


1 89 


13.43 


7.27 


O.oO 


1 1^7 


13.14 


7.18 


\ 84 


ml 




7 74 


7.41 


3.97 


91^ 


8 1 8 

O. lO 


7.85 


4.24 


49 


7 Qi^ 
/ .yo 


7.66 


4.14 


o.oo 


ml 


l.OOO 


4'i 1 8 


42.66 


22.52 


1 8 91 

xo . ^ X 


47 4fi 


44.97 


23.99 


1 Q 1 9 


4'i 88 


43.72 


23.22 


1 8 fi8 
xo.uo 


1 


1 QQ^ 


on 


23.98 


12.47 


Q Q9 
y . yz 


9f! 


25.18 


13.15 


1 n "^f! 

lU.OU 


9f! 1 ^ 


24.42 


12.72 


1 n 1 4 

lU. X4; 


1 

1 


9^19 


1 4 


13.17 


6.70 


^ 97 


1 4 QQ 


13.66 


7.00 


^ 4"^ 


1 4 fi9 


13.34 


6.80 


o.ox 


1 


1 fi9 


7 0*^ 


/ .0 1 


O /I o 

o.4o 


9 7n 


8 1 fi 

O. LO 


1.2 1 


3.61 


9 78 
z. / o 


7 QQ 
/ . yy 


( .11 


3.54 


9 71 

Z. 1 X 


1 


3.981 


42.59 


37.21 


17.55 


13.41 


43.50 


38.10 


18.08 


13.79 


42.74 


37.21 


17.78 


13.54 


10-1 


5.012 


22.58 


19.26 


8.62 


6.54 


22.82 


19.50 


8.78 


6.62 


22.47 


19.29 


8.65 


6.56 


10-1 


6.310 


11.72 


9.83 


4.13 


3.11 


11.76 


9.86 


4.15 


3.11 


11.67 


9.85 


4.12 


3.11 


10-1 


7.943 


59.88 


49.72 


19.31 


14.48 


59.85 


49.68 


19.28 


14.48 


59.95 


49.67 


19.32 


14.49 


10-2 


10.00 


30.52 


25.01 


8.88 


6.68 


30.51 


25.00 


8.88 


6.68 


30.53 


25.00 


8.88 


6.68 


10-2 
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TABLE XVII: Neutrino flux (m-^sec-isr-iGeV-i) for -0.5 > cos 6^ > -0.6 







Kamioka 








Sudbury 






Gran Sasso 






(GeV) 












^/^ 






A* 








Norm 


1 nnn 




6.33 


3.30 


2 


78 


(J.UX 


5.62 


2.93 


9 4Q 


fi '^8 


6.41 


3.36 


9 81 

Z .0 1 


1 0^ 

lU 


1 




5.04 


2.63 


2 


20 


4 48 


4.49 


2.33 


1 QQ 
1 . yy 


^ no 


5.11 


2.67 


9 9*^ 


1 03 

lU 


1 

. LOOO 


■^Q 1 Q 
oy . la 


39.05 


20.17 


16 


92 


■^4 


34.89 


17.96 


1 ^ 9Q 


■^Q fi7 
oy .u / 


39.66 


20.62 


1 7 07 

1 / .U 1 


1 02 
lU 


1 QQ^ 


9Q 91 


29.07 


14.97 


12 


57 


9fi 9n 


26.15 


13.39 


1 1 "^8 


9Q fi7 
zy .u / 


29.62 


15.35 


1 9 70 
iz. / u 


1 02 
lU 


9^1 9 


ZU.U ( 


20.62 


10.70 


8 


99 


xo.uu 


18.70 


9.63 


8 1 7 

0. 1 1 


91 09 


21.05 


10.98 


Q 1 9 
y . iz 


1 0^ 

lU 




1 4 Dfi 


14.02 


7.36 


6 


18 


1 9 7Q 


12.78 


6.68 


o.uu 


1 4 9fi 

1^. zu 


14.32 


7.55 


97 


1 0^ 

lU 


.OcfOl 


Q 97 


9.20 


4.87 


4 


10 


S 4Q 


8.45 


4.46 


77 


Q "^8 


9.39 


4.98 


4 14 
^. 1^ 


1 02 

lU 


^f\^ 9 


(j.y^ 


5.86 


3.11 


2 


62 


1^ 4Q 


5.45 


2.87 


9 49 


fi 09 


5.98 


3.16 


9 f!4 


1 02 
lU 


.UOIU 


■^7 1 ^ 

O 1 . lO 


36.46 


19.32 


16 


18 


■^4 


34.15 


18.01 


1 ^ 1 n 

lO. lU 


■^7 f!4 


37.06 


19.64 


1 fi "^8 
lu. oo 


loi 




99 79 


22.11 


11.69 


9 


67 


91 i^S 


20.98 


11.02 


Q 91 
y.zi 


99 


22.43 


11.88 


Q 7Q 

y . 1 y 


loi 


1 nnn 




13.09 


6.89 


5 


63 


1 04 


12.63 


6.56 




lO.UL) 


13.26 


6.97 


\ fi7 


loi 




7 Q'i 
t .yo 


7.59 


3.96 


3 


20 


7 74 


7.37 


3.79 


1 n 

O. lU 


/ .yu 


7.64 


3.96 


91 


lOl 


l.OOO 




42.98 


22.09 


17 


59 


4'i 04 


42.01 


21.38 


1 7 99 


4'i 'i8 


42.92 


22.09 


1 7 fi9 


1 


1 QQ^ 


91^ on 


23.74 


11.92 


9 


36 


91^ 84 


23.45 


11.73 


Q 98 


91^ fi8 


23.63 


11.99 


Q "^4 
y .o^ 


1 
1 


9^19 


1 zL 98 


12.76 


6.20 


4 


83 


1 4 9Q 


12.77 


6.21 


4 89 


1 4 9^ 


12.79 


6.24 


4 89 


1 
1 


1 f^9 


7 74 


6. lb 


3.16 


2 


43 


7 78 


D.80 


3.1 / 


9 4"^ 


7 74 


b.i 1 


3.14 


9 49 


1 
1 


3.981 


41.39 


35.40 


15.72 


11 


94 


41.56 


35.46 


15.71 


11.99 


41.14 


35.16 


15.46 


11.79 


10-1 


5.012 


21.67 


18.13 


7.53 


5 


69 


21.84 


18.16 


7.58 


5.71 


21.59 


18.04 


7.45 


5.64 


10-1 


6.310 


11.18 


9.18 


3.53 


2 


66 


11.24 


9.19 


3.55 


2.66 


11.18 


9.18 


3.52 


2.65 


10-1 


7.943 


57.20 


46.31 


16.30 


12 


27 


57.10 


46.27 


16.28 


12.26 


57.20 


46.32 


16.32 


12.28 


10-2 


10.00 


29.11 


23.29 


7.42 


5 


60 


29.09 


23.29 


7.42 


5.60 


29.11 


23.29 


7.42 


5.61 
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TABLE XVIII: Neutrino flux (m-^sec-isr-iGeV-i) for -0.6 > cos6'^ > -0.7 







Kamioka 






Sudbury 






Gran Sasso 






(GeV) 












^/^ 






A* 








Norm 


1 nnn 


U.(Jc/ 


6.58 


3.49 


9 87 


4 70 


4.71 


2.41 


9 1 7 

Z. X 1 


fi 04 


6.05 


3.16 


9 fiQ 


1 0^ 




(J.Ol 


5.30 


2.79 


9 "^n 


1 8*^ 


3.84 


1.96 


1 7f! 


4 8Q 
^.oy 


4.90 


2.55 


9 1 8 

Z. lO 


1 03 


. J-tJOO 


41 77 


41.56 


21.59 


1 7 7fi 


■^0 47 


30.44 


15.32 


1 fi4 


■^8 71 

OO. 1 1 


38.75 


19.86 


lU.OtJ 


1 02 






31.23 


16.11 


1 1 9^ 


9'^ '^'i 


23.23 


11.61 


1 98 


9Q 4"^ 
zy .^o 


29.41 


14.95 


1 9 fil 


1 02 






22.30 


11.54 


Q ^1 


1 7 01 


16.93 


8.50 


7 ^1 


91 90 


21.17 


10.82 


Q OQ 
y .uy 


1 02 






15.14 


7.89 


fi ^1 


1 1 811 


11.81 


5.98 


^ 9'i 


1 4 'i9 


14.50 


7.49 


fi 97 


1 0^ 




Q 87 


9.85 


5.16 


4 97 


8 01 


7.92 


4.04 


'\ ^9 


Q ^7 
y.o / 


9.54 


4.96 


4 14 


1 02 


"^01 9 


(\ 98 


6.20 


3.25 


9 7n 


^ 98 


5.16 


2.63 


9 98 




6.07 


3.16 


9 iVX 

z.uo 


1 0^ 


.UOIU 


■^8 81 


38.07 


19.93 


1 f! 49 


'^'^ f!7 


32.79 


16.68 


1 4 94 


■^8 1 R 

OO. lU 


37.44 


19.49 


1 1 4 


loi 




9"^ '^Q 


22.71 


11.80 


Q fi8 


90 Q8 


20.26 


10.25 


8 fi9 


9'^ 1 9 

ZO. IZ 


22.44 


11.63 


Q 

y .(JU 


loi 


1 nnn 


1 1 8n 


13.21 


6.77 


^ ^4 


1 9 7Q 


12.17 


6.11 


^ OR 


1 fi7 


13.12 


6.73 


48 


loi 




7 QQ 


7.54 


3.81 


07 


7 1^8 

1 .(JO 


7.13 


3.54 


9 8Q 
z.oy 


7 Q1 


7.49 


3.81 


04 


lOl 


X .OOO 




42.20 


20.99 


1 fi i^fi 

XU.tJU 


4"^ 8"! 


40.55 


19.79 


1 ^ Q4 


4'i 0*^ 


41.80 


20.81 


1 fi 40 


1 
X 


1 QQ^ 


91^ 4n 


23.07 


11.17 


8 RQ 


94 Q1 


22.47 


10.68 


8 ^0 


91^ 9*^ 


22.84 


11.00 


o.(jy 


1 

1 


9^19 


1 4 09 


12.33 


5.71 


4 41 


1 QO 


12.22 


5.60 


4 "^Q 


1 87 

lO.O / 


12.25 


5.67 


4 "^8 

4.00 


1 

1 




7 "^Q 


6.48 


2.86 


9 1 Q 


7 


D.46 


O Q /I 

z.o4 


9 1 Q 
z. ly 


7 ^0 


p. ACX 

0.46 


z.o4 


9 17 


1 

1 


3.981 


40.24 


33.60 


14.03 


10.61 


40.13 


33.42 


13.88 


10.60 


39.84 


33.49 


13.82 


10.53 


10-1 


5.012 


21.00 


17.19 


6.63 


5.02 


20.96 


17.15 


6.62 


4.99 


20.79 


17.08 


6.55 


5.00 


10-1 


6.310 


10.80 


8.69 


3.07 


2.32 


10.79 


8.70 


3.08 


2.31 


10.74 


8.66 


3.06 


2.32 


10-1 


7.943 


55.00 


43.67 


14.04 


10.56 


55.02 


43.67 


14.02 


10.57 


55.09 


43.73 


14.05 


10.56 


10-2 


10.00 


27.98 


21.96 


6.34 


4.78 


27.98 


21.96 


6.33 


4.79 


28.00 


21.97 


6.34 


4.79 
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TABLE XIX: Neutrino flux {m-^sec-'^sT-^GeV~^) for -0.7 > cos6l^ > -0.8 



(GeV) 




Kamioka 






Sudbury 




A* 


Gran 


Sasso 




Norm 


1 nnn 




6.26 


3.32 


9 7fi 


4 44 


4.43 


2.27 


9 ns 


O.OtJ 


^ "^7 


9 sn 


9 4"^ 


1 n^ 

xu 


1 


(J. lU 


5.10 


2.68 


9 99 


o.uu 


3.66 


1.86 


1 RQ 


4 4n 


4 41 


9 9Q 


1 Q7 
X .y / 


1 n3 

xu 




/in fi7 


40.48 


20.90 


1 7 98 


9Q ^7 


29.45 


14.71 


1 9Q 


■^i^ 9^ 




1 7 Q7 
X / .y 1 


xo.ou 


1 n2 

xu 


1 QQ^ 


ou.yu 


30.77 


15.69 


1 9 Qfi 


99 Q"^ 


22.77 


11.24 


1 n no 


97 no 

z 1 .uy 


97 nn 


1 fin 
xo.uu 


1 1 fin 

X X .uu 


1 n2 

xu 


9^1 9 


99 1 8 


22.11 


11.28 


Q "^9 


1 Qn 


16.74 


8.27 


7 '\7 


1 Q fi7 
xy .u / 


1 Q fin 


Q SS 
y.oo 


S 41 
o .^x 


1 n^ 

xu 






15.03 


7.72 


fi 4n 


X 1 .oo 


11.75 


5.84 


^ 1 fi 
o. xu 


XO.tJO 




fi S'l 


7Q 
(J. 1 y 


1 n^ 

xu 


.OcfOl 


Q 8^ 


9.79 


5.05 


4 1 Q 
^. ly 


R nfi 

o.uu 


7.92 


3.95 




Q nn 

y.uu 


S Q4 


4 


o.oo 


1 n^ 

xu 


^f\^ 9 


f! 9^ 


6.16 


3.17 


9 fi9 


(J.Ol 


5.17 


2.57 


9 99 




^ 71 


9 on 

z . yu 


9 44 


1 n2 

xu 


.UOIU 


oo.oo 


37.63 


19.26 


1 1^ 84 


oo.oo 


32.65 


16.20 


lO.OtJ 


"^S 
ou.oo 


■^^ 47 


1 7 S'^ 
X / .oo 


1 4 on 

x'x.yu 






9"^ 9n 


22.40 


11.31 


Q 9fi 


9n Qf< 


20.05 


9.89 


S "^9 


99 1 9 


91 "^4 


1 n fii^ 


8 sn 

o.ou 




1 nnn 


lO.UO 


13.02 


6.46 


^ 9fi 


1 9 fizL 


11.98 


5.84 




1 1 9 


1 9 4S 


fi 1 Q 
u. xy 


\ n^ 


ml 


1 


7 S8 


7.39 


3.62 


9 QD 


7 4^ 
1 .^o 


6.96 


3.32 


9 79 




7 1 fi 


4S 

0.10 


9 SI 
z.ox 


ml 


l.OOO 


44 7*^ 


41.02 


19.62 




4"^ 1 9 

■4:0 . LiLi 


39.38 


18.42 


1 4 89 

I'd:. 


4"^ fiS 

'iO.UO 


4n n4 


1 S Q4 
xo. y^ 


1^17 

XO. X 1 


1 

X 


1 QQ^ 


94 


22.32 


10.28 


O.U-L 


OA 9Q 


21.74 


9.91 


7 SI 


94 ^1 


91 S'^ 


1 n nn 


7 Q9 
1 .yz 


1 

X 


9^19 


1 fi7 


11.89 


5.24 


4 0"^ 




11.70 


5.11 


o.yu 


lO.OO 


1 1 79 


^ 1 \ 

O. X(J 


Q QQ 

o.yy 


1 

X 


1 f^9 


7"^ 7n 


62.17 


26.05 


1 Q 8*^ 
ly .oo 


7"^ n9 


61.62 


25.52 


ly.oo 


7"^ 1 1 


fil fi'^ 


9^ 74 


1 Q fil 
xy.ux 


10-1 
xu 


3.981 


39.08 


32.01 


12.59 


9.54 


38.75 


31.85 


12.39 


9.47 


38.85 


31.81 


12.43 


9.42 


10-1 


5.012 


20.33 


16.28 


5.91 


4.45 


20.25 


16.20 


5.84 


4.46 


20.28 


16.26 


5.85 


4.40 


10-1 


6.310 


10.44 


8.23 


2.71 


2.04 


10.43 


8.21 


2.70 


2.04 


10.44 


8.24 


2.70 


2.03 


10-1 


7.943 


53.18 


41.52 


12.25 


9.24 


53.20 


41.56 


12.26 


9.23 


53.20 


41.51 


12.26 


9.25 


10-2 


10.00 


27.03 


20.85 


5.48 


4.16 


27.03 


20.86 


5.49 


4.15 


27.03 


20.85 


5.49 


4.16 
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TABLE XX: Neutrino flux (m-^sec-isr-iGeV-i) for -0.8 > cosO^ > -0.9 







Kamioka 






Sudbury 






Gran Sasso 






(GeV) 


























Norm 


1 nnn 


^ ^4 
o.o^ 


5.54 


2.94 


9 47 


^ 1 4 


5.12 


2.70 


9 "^n 


^ nQ 


5.08 


2.69 


9 97 


1 n^ 


1 




4.56 


2.39 


9 ni 


4 9"? 


4.22 


2.20 


1 8fi 


4 1 Q 
^. ly 


4.19 


2.19 


1 8^ 


1 n3 


1 

. LOOO 


ou. / o 


36.55 


18.76 


1 ^ 71 
lo. t 1 


■^4 07 


33.78 


17.26 


1 4 1^7 


'^'^ 89 


33.61 


17.20 


1 4 4fi 


1 n2 




98 97 


28.07 


14.15 


1 1 89 


9R 9n 


25.90 


13.02 


1 n Q7 


9fi n7 


25.83 


12.99 


1 n Q1 


1 n2 




9n 41 


20.32 


10.19 


8 '^9 


1 8 Qfi 
lo. yu 


18.76 


9.40 


7 Q9 
1 .yz 


1 8 8Q 
lo.oy 


18.77 


9.38 


7 Qn 

1 .yu 


1 n^ 




1 Q7 


13.90 


7.00 


8fi 


1 9 Q7 


12.87 


6.46 


^ 4^ 


1 9 Q7 


12.87 


6.46 




1 n^ 


• Oc/OX 


Q 1 Q 


9.11 


4.59 


84 


8 ^4 


8.44 


4.24 


1^7 


8 f^fi 


8.47 


4.25 


o.o t 


1 n^ 




^ 87 


5.78 


2.88 


9 41 


^ 4fi 


5.35 


2.67 


9 94 


^ 4Q 


5.39 


2.68 


9 9fi 


1 n2 


.UOIU 


ou.ou 


35.51 


17.51 


1 4 f^fi 


■^4 07 


33.01 


16.26 


1 fin 


■^4 "^fi 


33.28 


16.38 


1 7"^ 

LO. 1 O 






99 1 Q 


21.26 


10.36 


8 4Q 


9n 71 


19.86 


9.62 


7 Q8 
1 .yo 


9n Q4 


19.99 


9.73 


8 1 n 

O. lU 




1 nnn 




12.41 


5.96 


4 81 


1 9 "^1 


11.66 


5.55 


4 1^4 


1 9 48 


11.75 


5.63 


4 fi'^ 


ml 




7 fil 


7.06 


3.32 


9 fi7 


7 91 


6.67 


3.10 


9 'i'^ 


7 

t .oo 


6.76 


3.15 




ml 


1 


4*^ "^9 


39.24 


17.93 


1 4 9Q 


41 44 


37.47 


16.89 


1 fi^ 
xo.uo 


41 Q4 
. y^ 


38.04 


17.17 


1 7n 


1 


1 QQ"^ 

l.iJVO 


94 91 


21.38 


9.39 


7 "^4 


9*^ '^S^ 


20.64 


8.96 


7 1 


9*^ 4Q 


20.88 


9.06 


7 1^ 


1 
1 


9^19 


1 9Q 


11.39 


4.77 


fi8 


1 9 Qf^ 


11.12 


4.61 


fin 


1 n4 


11.20 


4.63 


fi9 


1 
1 


*^ 1 fi9 


71 fi7 


59.50 


23.60 


1 7 

± I .yo 


7n dd 


58. 1 1 


23.04 


1 7 fil 


71 n9 


59.01 


oo no 


1 7 77 


10-1 
xu 


3.981 


37.92 


30.62 


11.35 


8.51 


37.53 


30.47 


11.18 


8.42 


37.74 


30.55 


11.13 


8.49 


10-1 


5.012 


19.71 


15.58 


5.27 


3.99 


19.69 


15.61 


5.24 


3.95 


19.67 


15.51 


5.21 


3.95 


10-1 


6.310 


101.37 


78.87 


23.98 


18.22 


101.56 


79.06 


23.97 


18.14 


101.34 


78.58 


23.93 


18.08 


10-2 


7.943 


51.76 


39.78 


10.83 


8.16 


51.74 


39.74 


10.84 


8.17 


51.76 


39.81 


10.84 


8.18 


10-2 


10.00 


26.26 


19.97 


4.84 


3.67 


26.25 


19.96 


4.84 


3.67 


26.26 


19.97 


4.84 


3.67 
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TABLE XXI: Neutrino flux {m-^sec-'^sT-^GeV~^) for -0.9 > cos6l^ > -1.0 







Kamioka 










Sudbury 










Gran Sasso 








(GeV) 


















Vp 


Vp 








Norm 


1 nnn 


(J.OU 


5.36 


2.82 


2 


41 


6 


51 


6.49 


3.49 


2 


83 


5 


82 


5.81 


3.11 


9 


^7 


1 




44 4Q 


44.41 


23.09 


19 


67 


53 


59 


53.54 


28.38 


22 


91 


48 


10 


47.97 


25.22 


9n 


yu 


102 




ou.uo 


35.90 


18.15 


15 


43 


43 


23 


42.80 


22.09 


17 


86 


38 


90 


38.63 


19.75 




9Q 


1 n^ 




97 QR 


27.73 


13.72 


11 


65 


33 


09 


32.63 


16.50 


13 


36 


29 


95 


29.65 


14.84 


1 9 


99 


1 n^ 




ZU.OtJ 


20.18 


9.94 


8 


41 


23 


57 


23.38 


11.77 


9 


53 


21 


52 


21.34 


10.63 


e 
o 


7R 
1 o 


1 n^ 




XO.c/O 


13.83 


6.83 


5 


75 


15 


83 


15.75 


7.94 


6 


44 


14 


60 


14.48 


7.23 


K 
O 


Q7 
y / 


1 n^ 




Q 91 


9.07 


4.47 


3 


76 


10 


21 


10.10 


5.08 


4 


14 


9 


51 


9.40 


4.67 


Q 
O 


S7 


1 n^ 


"^01 9 


(j.oy 


5.75 


2.80 


2 


35 


6 


38 


6.25 


3.11 


2 


54 


6 


01 


5.88 


2.89 


9 


4n 


1 n^ 


.UOIU 




35.27 


16.99 


14 


15 


38 


73 


37.52 


18.39 


15 


07 


36 


89 


35.69 


17.36 


1 4 


■^9 
oz 


loi 




99 1 1 


21.01 


9.97 


8 


23 


22 


97 


21.99 


10.59 


8 


61 


22 


11 


21.10 


10.09 


a 
o 


9fi 
zu 


loi 


1 nnn 


lO.UfJ 


12.20 


5.68 


4 


63 


13 


35 


12.59 


5.93 


4 


76 


12 


96 


12.19 


5.68 


A 


fi9 
uz 


loi 


1 91^0 


7 ^'i 

t .(JO 


6.94 


3.15 


2 


53 


7 


61 


7.04 


3.23 


2 


58 


7 


46 


6.90 


3.13 


2 




lOl 


X .ooo 


49 71 


38.46 


16.89 


13 


34 


42 


73 


38.55 


17.08 


13 


54 


42 


33 


38.10 


16.75 


-LO 


O-L 


1 

L 


1 QQ^ 


9"^ 8^^ 


20.80 


8.75 


6 


83 


23 


72 


20.77 


8.79 


6 


88 


23 


65 


20.58 


8.70 


a 
u 


S9 
oz 


1 
1 


9^19 


1 ns 

lO.UO 


11.05 


4.42 


3 


41 


12 


98 


11.00 


4.40 


3 


40 


12 


96 


10.95 


4.38 


Q 
O 


oo 


1 
1 




7n "^i 


1.0 I 


21.68 


16 


52 


69 


94 


/ .36 


oi /in 


16 


37 


69 


84 


(.38 


ZiA4: 




0(J 




3.981 


37.14 


29.61 


10.32 


7 


78 


36 


98 


29.49 


10.22 


7 


73 


37 


02 


29.59 


10.23 


7 


77 


10-1 


5.012 


19.31 


15.02 


4.77 


3 


59 


19 


20 


15.00 


4.74 


3 


59 


19 


29 


15.03 


4.75 


3 


60 


10-1 


6.310 


99.03 


75.85 


21.63 


16 


31 


98 


70 


75.84 


21.61 


16 


31 


99 


03 


75.87 


21.64 


16 


32 


10-2 


7.943 


50.36 


38.23 


9.70 


7 


32 


50 


41 


38.23 


9.70 


7 


32 


50 


37 


38.23 


9.70 


7 


32 


10-2 


10.00 


25.57 


19.22 


4.31 


3 


27 


25 


58 


19.21 


4.31 


3 


27 


25 


57 


19.21 


4.31 


3 


27 


10-2 



44 



APPENDIX B: ATMOSPHERIC NEUTRINO FLUX ABOVE 10 GEV 



Here we tabulate the atmospheric neutrino flux calculated in this work for neutrino 
energies above 10 GeV in Tables XXII-XXV. The atmospheric neutrino flux could also be 
calculated using Eq. IA1[ 

Note, we tabulate one kind of neutrino flux in one table independently of the observation 
site, for the down going directions. The neutrino flux for upward going direction is obtained 
using the mirror symmetry of the atmospheric neutrino flux: 



cos6') =0y(cos6') 

valid in the energy region where the rigidity cutoff does not affect the neutrino flux. 
TABLE XXII: flux (m-^sec-^sr-^GeV-^) above 10 GeV 



(Bl) 



(GeV) 



1.-.9 .9-.8 .8-.7 .7-.6 



cos 
.6-.5 .5-.4 



.4-.3 .3-.2 .2-.1 .l-.O 



Norm 



1.000x10^ 
1.259x10^ 
1.585x10^ 
1.995x10^ 
2.512x10^ 
3.162x10^ 
3.981x10^ 
5.012x10^ 
6.310x10^ 
7.943x10^ 
1.000x10^ 
1.259x10^ 
1.585x10^ 
1.995x102 
2.512x10^ 
3.162x10^ 
3.981x10^ 



2.557 
1.295 
0.654 
3.297 
1.659 
0.831 
4.144 
2.055 
1.014 
0.499 
2.443 
1.194 
0.583 
2.837 
1.371 
0.658 
3.146 



2.625 
1.331 
0.673 
3.397 
1.710 
0.858 
4.291 
2.136 
1.056 
0.519 
2.551 
1.253 
0.611 
2.969 
1.439 
0.695 
3.328 



2.703 
1.370 
0.694 
3.505 
1.770 
0.891 
4.463 
2.225 
1.104 
0.545 
2.679 
1.315 
0.643 
3.134 
1.521 
0.737 
3.547 



2.799 
1.419 
0.720 
3.653 
1.848 
0.931 
4.663 
2.329 
1.161 
0.576 
2.838 
1.394 
0.684 
3.340 
1.621 
0.786 
3.792 



2.911 
1.479 
0.751 
3.811 
1.930 
0.974 
4.898 
2.457 
1.228 
0.609 
3.012 
1.487 
0.732 
3.568 
1.732 
0.844 
4.096 



3.052 
1.554 
0.789 
4.001 
2.033 
1.033 
5.205 
2.612 
1.308 
0.653 
3.248 
1.606 
0.790 
3.876 
1.897 
0.923 
4.482 



3.232 
1.646 
0.840 
4.269 
2.167 
1.100 
5.572 
2.819 
1.420 
0.710 
3.541 
1.761 
0.869 
4.270 
2.092 
1.022 
4.988 



3.482 
1.778 
0.906 
4.612 
2.349 
1.197 
6.091 
3.085 
1.556 
0.783 
3.930 
1.967 
0.979 
4.843 
2.384 
1.168 
5.700 



3.824 
1.964 
1.009 
5.154 
2.627 
1.340 
6.852 
3.482 
1.762 
0.897 
4.524 
2.259 
1.129 
5.619 
2.785 
1.378 
6.771 



4.172 
2.166 
1.121 
5.807 
2.997 
1.542 
7.935 
4.051 
2.059 
1.054 
5.345 
2.676 
1.338 
6.676 
3.322 
1.646 
8.124 



10-1 
10-1 
10-1 
10-2 
10-2 
10-2 
10-3 
10-3 
10-3 

10-3 

10-4 
10-4 
10-4 
10-5 
10-5 
10-5 
10-*^ 
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5.012x10^ 


1.496 


1.585 


1.696 


1.819 


1.975 


2.171 


2.425 


2.776 


3.308 


3.990 


10' 


-6 


6 310x10^ 


0.706 


0.753 


0.806 


0.869 


0.949 


1.045 


1.172 


1.353 


1.617 


1.950 


10' 


~6 


7.943x10^ 


3.307 


3.537 


3.807 


4.123 


4.521 


5.008 


5.643 


6.568 


7.855 


9.512 


10' 


-7 


1.000x10^ 


1.535 


1.643 


1.781 


1.940 


2.133 


2.386 


2.708 


3.167 


3.796 


4.634 


10" 


-7 


1.259x10^ 


0.705 


0.759 


0.825 


0.905 


1.001 


1.125 


1.288 


1.515 


1.840 


2.250 


10' 


-7 


1.585x10^ 


0.320 


0.347 


0.378 


0.418 


0.465 


0.526 


0.608 


0.722 


0.886 


1.088 


10' 


-7 


1.995x10^ 


1.441 


1.568 


1.717 


1.908 


2.141 


2.439 


2.848 


3.416 


4.222 


5.239 


10' 


-8 


2.512x10^ 


0.643 


0.702 


0.775 


0.861 


0.973 


1.119 


1.318 


1.597 


2.007 


2.511 


10' 


-8 


3.162x10^ 


0.285 


0.312 


0.346 


0.387 


0.438 


0.508 


0.605 


0.742 


0.945 


1.197 


10' 


-8 


3.981x10^ 


1.251 


1.375 


1.530 


1.724 


1.965 


2.286 


2.757 


3.422 


4.400 


5.675 


10' 


-9 


5.012x10^ 


0.548 


0.602 


0.675 


0.759 


0.878 


1.024 


1.243 


1.553 


2.047 


2.670 


10' 


-9 


6.310x10^ 


0.238 


0.264 


0.296 


0.335 


0.389 


0.457 


0.556 


0.706 


0.944 


1.237 


10' 


-9 


7.943x10^ 


1.032 


1.156 


1.284 


1.473 


1.694 


2.021 


2.466 


3.196 


4.304 


5.676 


10- 


10 


1.000x10^ 


0.444 


0.497 


0.556 


0.635 


0.732 


0.882 


1.079 


1.410 


1.946 


2.615 


10- 


10 



TABLE XXIII: i)^ flux {m-^sec~hv^^GeY--^) above 10 GeV 













cos 
















(GeV) 


1.-.9 


.9-.8 


.8-.7 


.7-. 6 


.6-.5 


.5-.4 


.4-.3 


.3-. 2 


.2-.1 


.l-.O 


Norm 


1.000x10^ 


1.921 


1.997 


2.085 


2.196 


2.329 


2.501 


2.725 


3.038 


3.480 


3.925 


10' 


-1 


1.259x10^ 


0.965 


1.002 


1.046 


1.103 


1.169 


1.255 


1.369 


1.531 


1.768 


2.030 


10' 


-1 


1.585x10^ 


0.484 


0.503 


0.524 


0.553 


0.585 


0.630 


0.688 


0.769 


0.898 


1.047 


10' 


-1 


1.995x10^ 


2.419 


2.521 


2.628 


2.774 


2.936 


3.157 


3.445 


3.869 


4.526 


5.334 


10' 


-2 


2.512x10^ 


1.206 


1.257 


1.313 


1.388 


1.470 


1.578 


1.726 


1.939 


2.276 


2.706 


10' 


-2 


3.162x10^ 


0.599 


0.624 


0.654 


0.692 


0.734 


0.788 


0.866 


0.970 


1.144 


1.378 


10' 


-2 


3.981x10^ 


2.960 


3.092 


3.253 


3.433 


3.667 


3.934 


4.341 


4.876 


5.742 


7.037 


10' 


-3 


5.012x10^ 


1.456 


1.523 


1.603 


1.699 


1.815 


1.958 


2.157 


2.430 


2.869 


3.549 


10' 


-3 


6.310x10^ 


0.713 


0.746 


0.784 


0.836 


0.892 


0.970 


1.067 


1.203 


1.431 


1.768 


10' 


-3 


7.943x10^ 


3.472 


3.653 


3.847 


4.076 


4.393 


4.787 


5.296 


5.998 


7.149 


8.824 


10' 


-4 


1.000x10^ 


1.685 


1.777 


1.872 


1.987 


2.151 


2.349 


2.610 


2.971 


3.547 


4.404 


10' 


-4 


1.259x10^ 


0.814 


0.857 


0.903 


0.971 


1.044 


1.144 


1.273 


1.459 


1.746 


2.184 


10' 


-4 


1.585x10^ 


0.390 


0.412 


0.437 


0.470 


0.506 


0.555 


0.620 


0.717 


0.859 


1.071 


10' 


-4 
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1.995x102 
2.512x10^ 
3.162x102 
3.981x10^ 
5.012x10^ 
6.310x102 
7.943x102 
1.000x10^ 
1.259x10^ 
1.585x10^ 
1.995x10^ 
2.512x10^ 
3.162x10^ 
3.981x10^ 
5.012x10^ 
6.310x10^ 
7.943 xlO^ 
1.000x10^ 



1.875 
0.898 
0.425 
2.007 
0.945 
0.441 
2.045 
0.941 
0.428 
1.930 
0.863 
0.379 
1.672 
0.736 
0.316 
1.363 
0.593 
0.256 



1.976 
0.943 
0.449 
2.136 
1.011 
0.472 
2.189 
1.012 
0.463 
2.095 
0.939 
0.418 
1.846 
0.810 
0.352 
1.534 
0.665 
0.281 



2.104 
1.007 
0.482 
2.288 
1.078 
0.508 
2.374 
1.096 
0.505 
2.298 
1.032 
0.461 
2.046 
0.900 
0.394 
1.714 
0.741 
0.318 



2.259 
1.083 
0.518 
2.469 
1.169 
0.551 
2.578 
1.198 
0.555 
2.534 
1.143 
0.515 
2.293 
1.014 
0.449 
1.946 
0.832 
0.361 



2.444 
1.173 
0.562 
2.691 
1.283 
0.608 
2.855 
1.331 
0.617 
2.839 
1.295 
0.584 
2.610 
1.158 
0.510 
2.232 
0.974 
0.424 



2.684 
1.296 
0.622 
2.975 
1.422 
0.675 
3.190 
1.500 
0.700 
3.244 
1.489 
0.675 
3.044 
1.361 
0.600 
2.662 
1.185 
0.516 



3.006 
1.450 
0.699 
3.364 
1.613 
0.770 
3.651 
1.724 
0.811 
3.777 
1.743 
0.799 
3.641 
1.646 
0.734 
3.225 
1.417 
0.634 



3.503 
1.692 
0.814 
3.928 
1.893 
0.903 
4.310 
2.054 
0.968 
4.548 
2.129 
0.983 
4.523 
2.069 
0.931 
4.149 
1.846 
0.820 



4.197 
2.037 
0.992 
4.804 
2.311 
1.110 
5.324 
2.543 
1.208 
5.717 
2.692 
1.260 
5.860 
2.704 
1.238 
5.645 
2.556 
1.140 



5.235 
2.561 
1.247 
6.034 
2.908 
1.397 
6.682 
3.181 
1.514 
7.207 
3.416 
1.602 
7.522 
3.526 
1.627 
7.456 
3.404 
1.541 
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TABLE XXIV: Ve flux {mr'^sec~-^ST'^G(N~^) above 10 GeV 



(GeV) 



1.-.9 .9-.8 .8-.7 .7-.6 



COS^z 

.6-.5 .5-.4 



.4-.3 .3-.2 .2-.1 .l-.O 



l.OOOxlQi 
1.259x10^ 
1.585x10^ 
1.995x10^ 
2.512x10^ 
3.162x10^ 
3.981x10^ 
5.012x10^ 
6.310x10^ 
7.943x10^ 
l.OOOxlO^ 
1.259x102 
1.585x102 
1.995x10^ 
2.512x10^ 
3.162x10^ 
3.981x10^ 
5.012x10^ 
6.310x10^ 
7.943x10^ 
1.000x10^ 
1.259x10^ 
1.585x10^ 
1.995x10^ 
2.512x10^ 
3.162x10^ 
3.981x10^ 



0.431 
0.191 
0.848 
0.374 
0.166 
0.740 
0.331 
0.151 
0.685 
0.303 
0.138 
0.649 
0.290 
0.132 
0.617 
0.285 
1.299 
0.591 
0.268 
1.204 
0.536 
0.237 
1.037 
0.453 
0.199 
0.872 
0.377 



0.484 
0.215 
0.951 
0.421 
0.187 
0.831 
0.371 
0.167 
0.752 
0.340 
0.154 
0.704 
0.323 
0.148 
0.673 
0.308 
1.406 
0.640 
0.289 
1.298 
0.583 
0.262 
1.155 
0.501 
0.217 
0.954 
0.422 



0.548 
0.245 
1.088 
0.479 
0.212 
0.942 
0.419 
0.187 
0.842 
0.373 
0.169 
0.771 
0.347 
0.161 
0.758 
0.344 
1.541 
0.700 
0.320 
1.441 
0.639 
0.285 
1.268 
0.560 
0.248 
1.073 
0.458 



0.634 
0.284 
1.263 
0.561 
0.248 
1.102 
0.489 
0.216 
0.959 
0.429 
0.194 
0.883 
0.395 
0.180 
0.828 
0.377 
1.714 
0.782 
0.354 
1.609 
0.732 
0.327 
1.427 
0.624 
0.281 
1.216 
0.517 



0.742 
0.335 
1.497 
0.665 
0.295 
1.308 
0.580 
0.256 
1.130 
0.504 
0.226 
1.018 
0.461 
0.209 
0.947 
0.431 
1.957 
0.888 
0.406 
1.836 
0.814 
0.361 
1.652 
0.752 
0.319 
1.382 
0.626 



0.888 
0.404 
1.819 
0.817 
0.363 
1.604 
0.714 
0.316 
1.390 
0.611 
0.272 
1.219 
0.546 
0.245 
1.103 
0.500 
2.275 
1.033 
0.467 
2.132 
0.973 
0.435 
1.935 
0.859 
0.378 
1.651 
0.722 



1.090 
0.503 
2.296 
1.033 
0.463 
2.073 
0.926 
0.410 
1.804 
0.792 
0.350 
1.552 
0.686 
0.305 
1.367 
0.616 
2.767 
1.238 
0.555 
2.532 
1.161 
0.521 
2.327 
1.042 
0.463 
2.051 
0.897 



1.383 
0.650 
3.015 
1.386 
0.630 
2.841 
1.284 
0.570 
2.501 
1.110 
0.488 
2.122 
0.938 
0.414 
1.812 
0.803 
3.600 
1.613 
0.715 
3.251 
1.498 
0.667 
3.011 
1.365 
0.588 
2.620 
1.199 



1.798 
0.871 
4.177 
1.968 
0.917 
4.240 
1.945 
0.881 
3.952 
1.770 
0.781 
3.391 
1.480 
0.649 
2.853 
1.249 
5.457 
2.387 
1.049 
4.645 
2.076 
0.934 
4.176 
1.859 
0.830 
3.683 
1.647 



2.242 
1.131 
5.624 
2.759 
1.335 
6.414 
3.080 
1.451 
6.684 
3.062 
1.388 
6.202 
2.740 
1.203 
5.262 
2.283 
9.861 
4.247 
1.825 
7.852 
3.387 
1.464 
6.411 
2.816 
1.217 
5.416 
2.483 
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5.012x10^ 


0.164 


0.183 


0.201 


0.236 


0.275 


0.321 


0.383 


0.518 


0.759 


1.114 


10" 


-10 


6.310x103 


0.716 


0.781 


0.843 


1.020 


1.180 


1.465 


1.692 


2.282 


3.355 


4.746 


10- 


-11 


7.943x103 


0.305 


0.333 


0.353 


0.415 


0.505 


0.647 


0.753 


0.993 


1.434 


2.034 


10- 


-11 


1.000x10^ 


1.233 


1.428 


1.637 


1.773 


2.170 


2.604 


3.143 


3.900 


6.388 


9.422 


10- 


-12 



TABLE XXV: Ve flux {m.-'^sec-^sT-^Ge\-^) above 10 GeV 















cos 
















(GeV) 


1.-.9 


.9-.8 




B-.7 


.7-. 6 


.6-.5 


.5-.4 


.4-.3 


.3-. 2 


.2-.1 


.l-.O 


Norm 


1.000x10^ 


0.327 


0.367 


0.416 


0.478 


0.560 


0.668 


0.819 


1.038 


1.352 


1.687 


10- 


-1 


1.259x10^ 


1.465 


1.639 


1 


858 


2.153 


2.531 


3.051 


3.779 


4.880 


6.539 


8.490 


10- 


-2 


1.585x10^ 


0.654 


0.733 





830 


0.962 


1.134 


1.379 


1.731 


2.269 


3.153 


4.241 


10- 


-2 


1.995x10^ 


0.291 


0.327 





372 


0.431 


0.509 


0.622 


0.787 


1.047 


1.494 


2.081 


10- 


-2 


2.512x10^ 


0.130 


0.146 





167 


0.192 


0.228 


0.279 


0.355 


0.478 


0.698 


1.010 


10- 


-2 


3.162x10^ 


0.589 


0.652 





746 


0.855 


1.021 


1.251 


1.599 


2.175 


3.239 


4.890 


10- 


-3 


3.981x10^ 


0.267 


0.296 





337 


0.386 


0.457 


0.562 


0.721 


0.990 


1.496 


2.362 


10- 


-3 


5.012x10^ 


0.121 


0.134 





152 


0.173 


0.204 


0.250 


0.323 


0.446 


0.681 


1.116 


10- 


-3 


6.310x10^ 


0.550 


0.602 





684 


0.769 


0.910 


1.104 


1.432 


1.978 


3.057 


5.166 


10" 


-4 


7.943x10^ 


0.250 


0.277 





311 


0.344 


0.404 


0.493 


0.633 


0.871 


1.364 


2.391 


10- 


-4 


l.OOOxlO^ 


0.115 


0.126 





141 


0.156 


0.181 


0.220 


0.283 


0.385 


0.605 


1.086 


10" 


-4 


1.259x10^ 


0.536 


0.570 





634 


0.717 


0.820 


0.985 


1.267 


1.706 


2.678 


4.847 


10" 


~5 


1.585x10^ 


0.245 


0.261 





288 


0.324 


0.374 


0.441 


0.556 


0.749 


1.186 


2.162 


10" 


-5 


1.995x10^ 


1.113 


1.209 


1 


307 


1.454 


1.686 


1.981 


2.448 


3.312 


5.199 


9.476 


10- 


-6 


2.512x10^ 


0.505 


0.555 





596 


0.656 


0.756 


0.893 


1.100 


1.481 


2.264 


4.107 


10- 


-6 


3.162x10^ 


0.228 


0.249 





274 


0.302 


0.346 


0.404 


0.500 


0.660 


0.995 


1.806 


10" 


-6 


3.981x10^ 


1.033 


1.129 


1 


246 


1.385 


1.583 


1.836 


2.246 


2.946 


4.378 


7.861 


10- 


-7 


5.012x10^ 


0.470 


0.514 





559 


0.625 


0.716 


0.832 


1.006 


1.318 


1.926 


3.373 


10- 


-7 


6.310x10^ 


0.212 


0.228 





252 


0.280 


0.321 


0.372 


0.458 


0.590 


0.856 


1.458 


10- 


-7 


7.943x102 


0.936 


1.011 


1 


133 


1.256 


1.441 


1.660 


2.046 


2.697 


3.818 


6.328 


10- 


-8 


1.000x10^ 


0.408 


0.451 





503 


0.562 


0.646 


0.746 


0.904 


1.227 


1.697 


2.738 


10- 


-8 


1.259x10^ 


0.180 


0.200 





221 


0.248 


0.287 


0.337 


0.412 


0.529 


0.748 


1.178 


10- 


-8 


1.585x10^ 


0.796 


0.870 





967 


1.099 


1.272 


1.508 


1.846 


2.330 


3.312 


5.101 


10- 


-9 
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1.995x10^ 


0.347 


0.379 


0.423 


0.485 


0.566 


0.659 


0.806 


1.054 


1.473 


2.236 


10' 


-9 


2.512x10^ 


1.499 


1.665 


1.824 


2.101 


2.514 


2.847 


3.542 


4.578 


6.517 


9.874 


10" 


-10 


3.162x10^ 


0.643 


0.717 


0.774 


0.898 


1.086 


1.259 


1.537 


2.057 


2.870 


4.396 


10" 


-10 


3.981x10^ 


0.277 


0.305 


0.330 


0.388 


0.456 


0.557 


0.663 


0.915 


1.270 


1.919 


10" 


-10 


5.012x103 


1.197 


1.328 


1.434 


1.723 


1.928 


2.333 


2.939 


3.614 


5.617 


7.958 


10" 


-11 


6.310x103 


0.507 


0.557 


0.618 


0.726 


0.859 


1.003 


1.299 


1.576 


2.278 


3.389 


10" 


-11 


7.943x103 


0.212 


0.227 


0.263 


0.305 


0.381 


0.453 


0.551 


0.739 


0.932 


1.522 


10" 


-11 


1.000x10^ 


0.910 


0.973 


1.133 


1.435 


1.529 


1.997 


2.215 


2.971 


4.573 


6.825 


10" 


-12 
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